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ADVERTISEMENT. 



The foUowiDg pages contain the heads of the 
Physiological Lectures delivered by the Author 
in the School of Great-Windmill-Street, together 
with a short account of the structure of the prin- 
cipal organs in the human body. 
^ To be practically useful, a treatise on Phy- 
siology should present or recall to the mind of 
the reader a clear conception of the parts, the 
uses of which it describes : at the same time it 
must be short; and thus its scope is limited to a 
concise explanation of the more important func- 
tions of the body. A treatise fitting the magni- 
tude of the subject would not suit the preseut 
thriving condition of Medical Science. So rapid 
is the progress of Physiology, that the first part 
of such a work would begin to be obsolete before 
the publication of the last ; not to mention, that it 
would be too voluminous and expensive for stu- 
dents, and would be neglected by men advanced 
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IV ADVERTISEMENT. 

in the medical profession, for tlie scattered ori- 
ginal essays fpom which it inusjfc have been com- 
piled. 

Physiology can only be adequately taught in 
Anatomical Theatres, when the Lectures of each 
year contain the discoveries of the preceding, and 
when the iLeoturier turns froiii tHe actual demon- 
stration of parts, to explain their uses. A treatiise 
on Physiology, however excellent, can be of little 
service, except to those, who either are, or haye 
been, engaged in such a course of study. 
' He wlio rd actjfuainted witirthe healthy struc- 
ture a:nd functions of -the bod j^, is qu^MM to' ih- 
Vestigate disease/ Anatomy is the*fir6^*stej) in a 
medical education; Physiology* the second- J^a- 
thology life Aird :— -without the two fpnaer, 
Medicine and Surgery would be empirical arts, 
founded upon no principles, continually changing 
to suit the cleverest theory of the day, and cal- 
culated to be as destructive, as they are- now 
beneficial to mankind. 



18^ GeorgBi-Streeit, Hanovo^-Sqaarey , 

January 1, 1827. 
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The Reader Is requested to correct the following 

ERRATA. 

Fage. line. 

22, S3, for 1039 and i059« read 1059 and 1069. 

39, 7> Jbr the former, read belonging to either. 

46> 19« Jbr attachment, read attachments. 

64, 11, Jiar auricles, read auricle. 

80, 23, Jbr descending, read ascending. 

125, 6, for longer, read larger. 

127, 22, 6g/^arff<< the angleof the jaw,*' »utfrf<< In opeDiogtbenxmtb. 

134, 24, ybr 'palate bone, read hard palate. 

170, 6, Jor distant, read distinct. 

181, 29, for compression, r&^ expression. 

£08, 8, for reddish brown,^ read dear brown. 

210; 16, for that organ, read the nervous system. 

238, 13, for Meckel, read Gasser. 

239, latt line, for Meckel, read Gasser. 
248, 31, for cerebellum, read pons Varolii. 
305, 20, for deyi^ read droit. 

336« 24^ t^^ lungs, iiuert during rei^iration. 



OUTLINES 



HUMAN PHYSIOLOGY. 



CHAPTER I. 

INTRODUCTORY OBSERVATIONS. 



i O investigate tlte changes which Animals and Plants 
exhibit, to ascertain the means by vhich tlie phenomena 
of Life are produced and the laws which regulate their 
KUCcessioD, is the province of Physiolc^y. The study of 
this ample subject requires considerable anatomical pro- 
ficiency, or a knowledge obtained by dissection of the 
structure of animals and plants, as well as an scquafail- 
ance with their external appearance and habits, or with 
their natural history, and elucidates the principles of the 
various arts by which man improves or modifies the 
nature and physical character of hving beings of other 
species, or relieves the infirmities of his own. 

The present work, which treats of a part only of phy- 
y taken in an acceptation so genera), contains a 
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brief accuunt of the hnman CEConomy daring health, m.- 
lended to serre as an mtrodactioD to the study of disease. 
Independent) J, however, of a practical object, a 5peca> 
lative interest attaches to all researches of thb oatore, 
upon which I may be allowed to o&er a few prdiminary 
remarks. 

He who examines the office of a single organ la an 
animal body, wfao investigates the laws of vision, or the 
means by which articulate speech is produced, expe- 
riences the same kind of surprise and delight, as upon 
witnessing some refined application of machinery. But 
while in the latter case bis mind is occupied upon human 
invention only, and his surprise gradually gives place 
to a conviction that the design before him is yet imper- 
fect, and admits of being simplified and improved, — in 
the former case his thoughts are raised to thai Supreme 
Intelligence, which has fashioned elements that human 
hands cannot combine, for objects tliat Lumon sagacity 
but panially comprehends; yet which, where understood, 
display in their attainment contrivance so perfect and in- 
finite, as to lead irresistibly to a belief that nothing re- 
sults fortuitously from properties inherent in matter, that 
Nature is the work of God. 

The subsequent progress of a physiological student 
continually serves to illustrate the attributes of that Su- 
preme Mind, whose marvellous design he is busied in 
unravelling. He reads in the careful provision for the 
perfcclness and preservation of every species, and for 
the happiness of those which enjoy consciousness, a de- 
monstration of an allwise benevolence ; and he deduces 
from that remarkable analogy which pervades the in- 
numerable families of living beings, stamping all in their 
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gradations and diversities with 
mark And impress, a contirmatioD, — if the expression be 
allowable, — ofhisbelief in the unity of the Deity. From 
points yet more abstruse the veil seems partially with- 
drawn: the nature of life, the relation of the soul to the 
body, are more than indistinctly unfolded to his view. 
Principles even of moral conduct derive support in some 
instances from the inquiries of physiologists, wliich ex- 
plain the physical connexion between the improvement or 
degeneracyof races or of individuals, and die observance 
or neglect of rules derived from higher sources. At 
every step is establislied some point of coincidence be- 
tween the religion and morality of Nature aud of Reve- 
lation. 

Nevertheless it has been occasionally asserted, that 
the practical tendency of medical studies is to encourage 
irreligion, and that the theory of materialism is borne 
out by physiology. 

The refutation of the first charge is easy by an appeal 
to facts. Harvey and Hales, Boerlioave, Haller, BailUe, 
are among the first names of eminent physicians or phy- 
siologists which occur to my recollection, and serve suf- 
ficiently to illustrate the frame of mind, as to religion, 
which has always attended genuine excellence in medical 



The second imputation deserves to be examined the 
more attentively, because many are of opinion that tlie 
theory of materialism is essentially opposed to the doc- 
trines of Christianity. 

All who have reflected up>on this subject concede, that 
mind and matter, the soul and the body, the phenomena 
of thought and a nervous system, are in the present state 
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of our existence intimately nssociuleJ. Every one is 1 
persuaded from general experience, that a powerful im- 
pressioD upon the mind affects the body, that the con- 
dition of the body influences that of the mind. But 
while many are content to suppose this union contingent, 
and that the soul may at anotlier period exist unshackled 
by a corporeal frame, materialists attempt to prove that 
mind is the result of organization, that a portion of ner- 
vous substance, when existing under certain imperfectly 
ascertained conditions, necessarily jiroduces thought. 

If we abstract our minds from all preconceived ideas 
upon the subject, it must be admitted that there is no- 
thing, which involves a contradiction in terms, or that 
is repugnant to common sense, in this supposition. In 
support of its justness, materialists bon'ow from physio- 
logy evidence of two kinds ; consisting on the one band 
of an analogical argimient deduced from the relation 
between organs and their I'unctioris, on the other of di- 
rect proof of the close correspondence of tlie mental 
phenomena witli the state of corporeal organs. 

The analogicaV evidence brought forward in support 
of inatei lalisra contains a fallacy, the detection of which 
places in a \erj strong light the reasonableness of an 
opposite conclusion 

Physiologists have ascertained that tliiferent parts of 
the human body have different oiBces: that the for- 
mation of bile takes place in the liver, of saliva in other 
glands, that a power of shortening belongs to ceitain 
fibrous parts, that consciousness is connected with the 
nervoiLS system. Now as the liver is admitted to be ne- 
cessary for the separation of bile Irom the blood, as the 
power of shortening is the result of tlie structure of a 
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F muscle, it has been supposed to be an analogical inference 
I that thought is tiic produce of the brain. 

But tlie separation of one fluid from another, and the 
I shortening of a fibre, are expressions which convey no 
■.meaning, if we attempt to abstract them from the notion 
I of material organs or material substance. With die 
I' functions of the brain the case is different. Our con- 
[ ception of tliought does not involve any attribute of 
I iaatter ; and we are struck with no speculative absurdity 
I in supposing that our consciousness may survive^ afler 
[ every material element witli whicb it has been connected 
shall have perished. Thus the analogy is destroyed be- 
I tweeii the dependence of thought upon the brain, and 
I that of other functions upon other organs; and theargu- 
[ ment founded upon it falls to the groimd. 

The second argument comprehends some curious de* 
[ tails. If a portion of the brain be removed, the mind 
I seems mutilated likewise. If a polype be cut in half, 
I each portion appears to obtain independent conscious- 
Iness. Facts of this description are indeed strikingly 
consistent with the theory- of materialism, yet they 
are perfecdy reconcileable with a different hypotliesis. 
When we suppose mind and matter to be arbitrarUy 
imited, it is but reasonable to conclude that a very nice 
adaptation of the frame alone enables the mind to co- 
operate with matter, and we naturally anticipate, that 
what deranges the physical structure of tlie body will ob- 
scure the manifestations of consciousness. If it be dif- 
ficult in this supposition to comprehend how matter can 
influence mind, it forms at least an equal difficulty in the 
theory of materialism to imagine how matter can pro- 
duce mind. The apparent partitioning of consciousness 
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upon the division of the lower animals, is analogous to I 
the evolution of sentient existence by generation. We 
have to suppose that in the present scheme of the world 
there is a provision for adding a principle of conscious- 
ness to matter, when coqjoreally made a fit recipient for 
it. It might perhaps appear too great a concession to 
allow that tlie preceding facts tend to establish the theory 
of materialism, as much as the presumed fact of the re- 
newal of the brain, while the conviction of our moral I 
identity remains unchanged, tends to prove the reverse: 
yet these arguments on opposite sides may fairly be com- 
pared : they are both as unsound as they are plausible. 

But the power, which we possess, of conceiving the 
separate ex.isi.ence of mind and of matter, constitutes i 
each a substance logically <li5tinct : and it forms no con- 
temptible argument in favour of their essential indepen- 
dence, that although experience may be said in one sense 
to oppose it, our reason, in spite of experience, sug- 
gests and compels the belief that their present union 
is possibly contingent. For evidence to prove this sup- 
position correct, we necessarily look elsewhere ; my ob- 
ject it> accomplished, if I have succeeded in showing that 
physiology does not lead to materialism. 

It remains to confess that physiological attainments 
are not made without a sacrifice. The practice of dis- 
section is repulsive to the imagination and to the senses, 
and the best sentiments of humanity revolt against the 
performance of experiments upon living animals : yet 
without tlie former no one would understand the mecha- 
nism of the body, and without the latter the uses of parts 
would be known by conjecture only. Harvey deduced 
from experiment proofs of the circulation of the blood, 
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and nttnost every iraportant addiilon to physiology has 
been obtained by the sanie method. It is to be lioped 
that no one can look ^vithout abhorrence upon deUberate 
or wanton cruelty: but who would brand with either 
reproach experiments calculated to determine principles 
directly or remotely of practical importance in medidne 
and surgery, or deny that they present an advantage to 
mankind, which may weigh against the attendant evil? 
He at least, who applauds on the principle of expediency 
the daily destruction of animal hie for other purposes, 
cuniiot consistently impugn the moral feelings of those, 
who shrink not from inflicting pain on inferior creittures, 
in order that the sum of human suffering may be lessened. 
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The globe ol' the earth is formed of what arc turmed 
mineral substances, existing either in a solid, or in a 
liquid, or in a gaseous form. Upon or near its surface 
are found other bodies, which either live, or, being dead, 
preserve some remains of that shape and structure which 
they possessed during lite. Living bodies are either 
plants or animals. The elaborate contrivances calcu- 
lated for special ends or functions, which admit of being 
displayed in tiie greater number, have obtained for the 
whole the general appellation of organized biddies. On 
the other hand, mineral substances, which taken indivi- 
dually consist of mere aggregations of similar particles, 
are termed unorganized. 

Mineral bodies are perhaps less correctly termed inert. 
The properties of unorganized matter produce in it con- 
tinual changes, though of a kind less adapted to excite 
observaljon, than those which modify organized bodies. 




8 Meaning of the Term " Life." 

The surface of the earUi is perpetually undcrgtHng al- 
teration, through chemical action or mechanical attriuon. 
The oxygen of the ati»os|ihere is in coDStant consump- 
tion, and is constantly reproduced. The waters, which 
in various ways become polluted, are rendered pure 
the tune when by spontaneous distillation they rise in 
vapour, are again condensed, descend in the form of raia 
or snow, and becoming impregnated with atmospheric 
air, are again distributed over the earth to diffuse fertility 
and health ; a combination of functions, which oSkx a 
rude type of respiration and of tlie circulation of the 
blood in animals. The properties of inert matter agun , 
determine the alternations of night and day, the recur- 
rence of tiie sea^ions, the revolulions of the planets; 
series of changes which may be termed the Life of the 
Worhi 

In the preceding illustration of its meaning, the term 
"Life" is employed figuratively. In its direct sense it de- 
notesother changes, which occur exclusively In organizetl 
bodies. The term " Life," like the terms " Nature" or 
" Mind," is a collective expression for an assemblage of 
phenomena. Each instance, that I have adduced, sug- 
gests parallel inquiries. Thus philosophers investigate 
the laws of life, the laws of the human mind, the laws 
of nature, by an analysis of the phenomena, which the 
terms, life, or mind, or nature, comprehend. In eitlier 
instance, when certain antecedent circumstances are 
found to be invariably followed by a given change which 
ensues in no other case, the law or physical cause of that 
change is ascertained ; and some general expression is 
mode use of, which strictly, indeed, denotes no more 
than the invariableness of the sequence of events, yet 
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figuratively appears to attribute causation to matter o* 
to mind. The terms property and prindple are com- 
mooly considered in natural philosophy equivalent to- 
. the term already used. Perhaps the Tolloiriog tvlatire 
L value may be assigned to each : the word law seai» to 
I express the conditions essential to a change: the word 
I property, to attribute to a substance the power of pro- 
[ ducing a change under ascertained conditions; and the 
\ word principle, like the final letters of the alphabet in 
I algebraic calculations, appears used to denote iin un- 
I known element, whicli when thus expressed is more 
conveniently analyzed. Consistently with the explanation 
, ^ven, we state, as the law of gravity, the raUo in whidi 
I masses of matter are reciprocally attracled; cr observe 
' that masses of matter possess a property of reciprocal 
i attraction; or we speak of the principle of electricity, w 
I t}f the principle of magnetism, as the unknown causes of 
I phenomena that are aii yet im{>erfectly understood. 
I Hitherto the laws of life, or the properties of living 
\ matter, have not been determined witli precision ; and 
physiologists are reluctant to disuse the vague term, " a 
Principle of Life," to which an imaginary value is as- 
signed by many, who forget that all terms of this na- 
I ture are but generahzed expressions of facts, the efficient 
cause of which necessarily remains inscrutable. 

But organized bodies are distinguished from mineral 
substances by their physical character, as well as by ex- 
clusively exhibiting tlie phenomena of life. Animals and 
plants are distributed in species, each of which has its 
limited bulk and peculiar form ; mineral substances have 
no limit to their magnitude or variety of figure. 'I'he 
former are generally composed of dissimilar parts, the 
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latter are homogeneous. The outline of the former is 
curvilinear, of the latter bounded by right lines. The 
former, which consist of materials produced in the la- 
boratory of the living body by delicate combinations of 
mineral elements, are preserved by the vital iniliience 
alone ; and as soon as life has ceased, slowly or rapidly 
revert to the condition of inert matter. The latter, which 
derive their character from chemical attraction or other 
causes of a permanent nature, have but little tendency to 
change. 

The materials of which organized bodies are wrought, 
are termed their proximate principles. They may for 
the most part be obtained separately by very simple 
processes. Thus, if flour be formed into a ductile paste 
by the gradual addition of a small quantity of water, and 
the paste be kneaded by the hand and washed by s 
slender stream of water, it becomes a gray tenacious and 
highly elastic substance termed gluten. The water em- 
ployed is rendered turbid and milky ; the white matter 
suspended in it is starch. Gluten and starch are proxi- 
mate principles in vegetable chemistry. When meat is 
boiled for a long time in water, oil is observed to sepa- 
rate and float upon the surface : another substance exists 
dissolved in the water, which becomes solid on cooling, 
and is termed gelatine : the tasteless shreds which re- 
main are termed fibrin. These are proximate principles 
of animal matter. 

Anatomy separates the human body into membrane 
and flesh, nerve and sinew, bone, cartilage, and the like ; 
and shows in what order, figure and proportion, these 
parts are combined. The finer processes of chemistry 
distinguish in each of these parts the reladve quantities 
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of their proximate principles. A coarser analysis, as by 
destructive distillation, shows tJie bulk of carbon, oxygen, 
hydrogen, nitrogen, and other simple elements of m&tter, 
to the union of whtcli the formation of each part is finally 
traced. 

Thus, according to Thenard, the ultimate principles 
of the substances most used in the construction of the 
human body, that are Ibrmed exclusively through the 
vital influence, are the following: 

Ciirbon, Oxygen, IIj'drogeD, Nitrogen. 
Fibrin . . 53.365 19.865 7.021 19.93+ 
Albumen . f.Z.SSS 23.872 T-StO 15.705 
Gelatine . . 47.881 27.207 9.914. 16.988 
The spontaneous decomposition of animal or vegetable 
matter has reference to tlie nature of its proximate prin- 
ciples. In many instances changes supervene, which 
have a tendency to retard complete resolution. Various 
sorts of fermentation furnish products remarkable for 
the length of lime they may be preserved unchanged. 
Where nitrogen is present, as in most animal and in 
some vegetable substances, the process of decomposition, 
characterized by its rapidity, its fetor, and the exOication 
of ammonia, is termed putrefaction. Within a short time 
after death, the human frame undergoes an evident 
change; the features become sharper; the eye sinks; the 
neck and abdomen become discoloured; the boity softens 
and exhales an offensive odour; the skin, from which the 
cuticle separates, turns successively green, and blue, and 
black ; the corpse slowly dissolves, part combining with 
the atmosphere, part reduced to a liquid state, part 
mouldering to earth. 

In order that putrefaction may take place, the body 
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must be exposed to the Conjoined influence of an elevated 
temperature) of moisture, and of atmospheric air, or air 
containing oxygen. If either of these agents be excluded, 
the progress of decomposition is arrested. Frozen pro- 
visions may be preserved indefinitely, with litde change 
besides a diminution of their flavour. A dissected Umb 
suspended in a current of air, loses its moisture by eva- 
poraUoD, becomes hard and of a brown colour, and sub- 
sequentlyremainsfora length of time without undergoing 
further alteration. And the experiment has been found 
to succeed of preserving meat for many months free from 
taint, by inclosing it in metal cases accurately soldered. 
Certain substances are termed antiseptic, with which 
when animal matter is impregnated, the ordinary mode 
ofdecompositionis prevented, and anotlier change substi- 
tuted ; after which, any further alteration either does not 
ensue or is greatly retarded. Antiseptic substances are 
either of an aromatic nature, such as camphor, resins, 
volatile oils, and bitumens, which have been at various 
times employed in the process of embalming : or acids, 
sugar, certain neutral salts, as nitre and muriate of soda, 
which are principally used for culinary purposes, but 
someof which are serviceable in anatomy. A saturated 
solution of three parts of nitre and one of common salt, 
or of nitre alone, injected into the blood-vessels previ- 
ously to dissection, appears almost wholly to neutrahze 
that virus, by inoculation with which the life of more than 
one student is annually sacrificed in London. Of the 
substances that remain, alcohol, which when diluted 
produces less change than any other antiseptic fluid in 
the appearance of parts immersed in it, is peculiarly 
fiUed for the preservation of anatomical preparations. 
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It would thus appear that animals and plaiiU are cha- 
racterized by their deteroiinate bulk aod figure, by their 
curvilinear surfaces, by tlieir organized structure, by 
their chemical composition : linally, they are highly po- 
rous or tubular. 

We may next consider what those changes are, which, 
exhibited for a period by all organized bodies, consti- 
tute life. 

A body is said to be alive, when it exhibits or is capa- 
ble of exhibiting the following phenomena. 

1. The assumption of foreign matter into Its substance, 
eitlier received into a special cavity, or diffused generally 
through its porous or tubular structure. 

2. An assimilation of this matter, through some change 
produced in the affinities of its elements, to the nature of 
the living being which contains it 

3. A deposition of the assimilated matter at dlHerent 
f parts of the frame, in such a manner that it constitutes 
f 'an integrant part of the plant or animal. 

These changes, observed in all living beings, constitute 
nutrition. Otlier phenomena remain, which have not 
been proved to belong to all Uving beings, which in many 
are of partial occurrence, but which in the more i>er- 
fect are supposed to be essentially coupled with the pre- 
i' ceding. 

4. A process of interstitial absorption, by which those 
molecules, which for a time have formed integrant parts 
of the hving body, are removed. 

5. A process, by which the re-absorbed materials, or 
such parts as are of no further use, ore ehmiuated Irom 
the body, 

, A process, difiering little in its nature from the 



14 Of (n-nei-dtion. 

preceding, which consists in the separation of carbon 
from the body through the influence of atmospheric bit. 

7. An evolution of heat. Mr. Hunter found that a 
fresh egg, if frozen and thawed and again frozen, is seven 
minutes and a half longer in freezing the first time than 
tlie second : the first freezing, he supposed, destroys the 
life of the egg'. 

Growth by nutrition is characteristic of life ; but to 
what extent an internal renovation is continually occur- 
ring, even in animals, remains problematical. Many 
parts ill a living body once formed from assimilated 
matter, continue alive through their simple cohesion with 
organs in which nutrition is presumetl to take place : and 
there are curious instances of organized bodies, in which 
every internal movement is suspended ibr a length of 
time, yet vitality remains. The seeds of plants and 
eggs of animals, if preserved from air and moisture and 
extremes of temperature, continue alive for months and 
years. The Vibrio Tritici, a minute animalcule which is 
the cause of the ear-cockles in wheat, when dried is to all 
appearance dead ; bul, after being kept for many days in 
this state, on being moistened, revives, and moves in a 
lively manner ". A leech frozen and gradually thawed, 
will sometimes hve. A rabbit's ear frozen so as to chip, 
when thawed, bleeds, inflames and thickens, but fives. 

Life is produced by a modification of that process 
which brings it to maturity. Generation in plants and 
animals is the formation of a germ, which In time be- 
comes separated from the surface on whicli it grew and 
capable of independent existence. Tlie millepede, a 
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I ^ghly- organized animttl, was observed bv Trembley 
\ spontaneously to divide into two : upon the hinder part* 
I which is a third of the length of die animal, a head is 
l&nned,tothe foie part a tail '. Tliegrowdiofagerm or 
|«mbryo upon a definite surface in a plant or animal, and 
s subsequent separation, presents no feature that essen- 
wtially distinguishes it from the preceding curious instance. 
Upon a strict analysis of the phenomena above enu- 
merated, two properties, to which the whole appear re- 
■j^able, admit of being indistinctly shadowed out. 

I. The change wrought upon the ingesta during assi- 
l.milation, which appears strictly analogous to some effects 
I of chemical attraction, may he ascribed to a principle of 
rVital AiEiiity. In order to give this term an equal value 

with the term gravity, physiologists have only to deter- 

^Xaine with precision the physical conditions, which in- 

iriably precede changes in the chemical nature of the 

igesta and of the component elements of a living body. 

'' It is highly probable that the laws of chemistry, and the 

property, which controls the affinities of matter in living 

bodies, will prove eventually to be identical, 

II, Theassumptionofforeign matter, and its propulsion 
I through the tubes of a living body, may be partially pro- 
duced or promoted by capillary attraction, by elasticity, 

Hby impulse communicated from without, by gravity: but 

1 the majority of instances another principle is distinctly 

operation. It is ascertained that various parts in 

■animals and plants alternately contract and expand when 

; or at one time have a tendency to become shorter 

1 one direction, al another to extend themselves to their 
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former dimensions: this property is termed Irritability. 
The fluids in the higher animals are tlius set in motion 
by tlie contraction of tlie vessels, which contain them. 
In the propulsion of the sap of plants, many phenomena 
prove that the same contrivance is used. It is analo- 
gically probable, diat in all living bodies a like principle 
is employed upon this object. It remains for physio- 
logists to determine the exact conditions, under which 
different irritable parts contract or are relaxed. ■ 

To these simple properties the changes common ta I 
every mode of nutrition may be ascribed. No pheno- 
mena in vegetable life require the assumption of an ad- 
ditional principle. The movements observed in the mi- 
mosa sensitiva, in the niuscipula dionfea, and in other 
plants, imply no agency which does not fall under the 
descripUon of irritability. Upon a local irritation a part 
of a plant visibly contracts. Thus likewise upon the 
appUcation of cold the human skin shrinks : or if the 
heart be taken from an animal direcdy after death, wlien 
pinched it contracts, or its fibres spontaneously condnue . 
to be shortened and elongated alternately. 

Some have supposed that the discrimination shown in 
the growth of climbing plants towards objectsfitted to sup- 
port them, and in the direction which the roots of plants 
occasionally take towards a nutritious soil, implies the 
operation of a property analogous to instinct in animals. 
But it may be remarked, that if a plant grow at all, it 
must grow in one direction or another : and tliat if its 
growth take place upon principl&s at all resemt^ing those 
of chemical changes, it is hkely to be influenced by slight 
variations of moisture or temperature, by drafts of air, 
by light and shade, and the like ; which are likely, in the 
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;s referred to, lo &11 iii ilifTerent degrees on differwit 

indes of the glowing plant: and that if it be found thai 

'^eoomena similar to those in (|ue&txon difitinctly result 

■eJl ascertained Instances from physical impresEions, it 

lore philosophical to attribute the production of the 

[faole to the same cause, than to assume a second un- 

tessarily. 
. One of the most remarkable phenomena in the growth 
of plants is, that in whatever way a seetl be laid in tfie 
ground, the elongated gernien rises, the radicle descends. 
Upon the hypodiesis that physical impressions determuie 
:owlb, it would seem probable thai gravity is in this 
itance the determining cause, or that the growth of 
le radicle necessarily follows tlie direction of an attract- 

force, that of the germen the reverse. 
Mr. Knight ascertained this solution to be just, by an 
experiment in which another force was made to super- 
sede that of gravity. Numerous seeds of the garden 
bean, which had been soaked in water so as to produce 
the utmost degree of expansion, were attached at short 
distances along the circumference of a vertical wheel, 
which by a current of water was made lo perform more 
than 150 revolutions in a minute. In a few days the 
seeds began to germinate: the germen of each tended to- 
wards the axis of the wheel ; the radicles grew in a 
contrary direction''. 

When animal life begins, new properties are added. 
The polype, which in material organization is infinitely 
simple than the higher plants, gives proof of sen- 
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— Sefisilivc and Vegetative Functions 

satioa, instinct, and volition : yet, when divided, each 
half grows into a perfect polype. 

In the ascending scale of animals, the phenomena of 
consciousness are more and more developed : the struc- 
ture of the body becomes proportionately ntore elaborate: 
the animal becomes individualized : its separate portions 
are rendered incapable of independent existence : it con- 
sists of a single series of organs, tlie functions of which 
exert a reciprocal influence, and combine to sustain li&. 

It is usual to arrange the functions distinguished 
the human ceconomy under two heads ; the vegetative 
organic, tlie animal or sensitive. 

By the former, nutritious matter is separated from tl 
food, is conveyed through the lacteals iuto the veins, be- 
comes blood, circulates through the body, contributes to 
growth; or component particles of the body are absorbed, 
thrown into the ciixutation, eliminated. The embryo is 
fonnetl, fcocundated, grows to foetal maturity, is born. 

By the latter, the human being, tlirough sensation, be- 
comes acquainted with tlie external world, with social 
existence, is led to tlie instinctive gratification of his ap< 
petites, or on reasonuig and calculation combines fctf 
definite ends a series of voluntary movements. 

The preceding division, however, is not strictly ^>- 
plicable to the plan of a systematic work upon Phy- 
siology. Almost every function is pai'tly sensitive, partly 
regetative. Thus we discriminate the quality of food 
by sensation, and swallow it voluntarily to allay an ap- 
petite; but of its digestion we are unconscious, and 
cannot accelerate or retard it. 

In this dilemma, it is obvious that the adoption of a 
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combined in Animal Life. 19 

very rigorous method is impracticable ; or would serve 
to give about as clear a notion of life, as a separate de- 
scription of the single threads in a piece of tapestry would 
of its design. Among the circle of functions it is difficult 
to determine with which to begin ; and where selection is 
not easy, it is to be presumed that the advantages of 
different plans are so equally balanced, as to leave it a 
matter of small importance, which is chosen. 
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CHAPTER II. 
OF THE BLOOD. 



The blood either is immediately supplied from the as- 
similated portion of tlie food, or consists of the old ma- 
terials of the frame re-absorbed and a. second time thrown 
into the circulation. From the blood are separated the 
substances of which the body is formed, as well as those 
which being noxious or unserviceable are to be elimi- 
nated. — An account of the properties and compositioa 
of the blood should therefore tend to elucidate the na- 
ture of the component parts of the human body. 

Tile blood, distributed through every part of the 
system for its nourishment, becomes loaded with a prin- 
ciple, for the removal of which the influence of atmo^ 
spheric air is necessary. The alternate flow of the blood 
through the body generally, and through an organ, in 
which it is exposed to the air, takes place in the follow- 
ing manner. 

Upon the diaphragm, which is the floor of the ches^ 
is placed the heart, a hollow fleshy viscus containing two 
cavities, one to the right of and before the other : each 
cavity consists of two chambers. Into the posterior 
chamber, or auricle, ofeach cavity veins open and trans- 
mit blood, which is thence propelled into the anterior 
chamber, or ventricle, of the same side, and from each 
ventricle into a capacious cylindrical vessel termed an 
artery. 
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The chest contattu; in iiddition the two lungs, elastic 
membmnous organs, laid out in small cells, into which 
tlie windpipe opens. Atmosphen'c air is alternately 
drawn into and expelled from the air-cells of the lung.s 
_ through an initincLive exertion of the respiratory mus- 
cles, which alternately enlarge and diminish the cavity 
of the chest. 

The blood, which has been employed in nutrition, 
being mixed on its return from all pa.n& of the body with 
the produce of digestion and of interstitial absorption, is 
carried into the right auricle of the heart by three venous 
trunks. From the right auricle the blood is forced into 
the right ventricle ; from the right ventricle, into the 
pulmonary artery; which, dividing, sends a branch to 
either lung, to be distributed throughout its substance in 
rarnifxatiuns so fine, that each fe--cell is covered with 
minute capillary vessels probably not ei^ceeding -^5'^^ of 
an inch in diameter. The air acting through an inter- 
posed membrane upon the blood contained in these mi- 
nute tubes, removes its suiTerabundunt carbon. 

It is supposed that capillary vessels no where larminatc 
by open orifices, but that in the same ratio in which they 
are produced from the branching of arteries, they re-unite 
to form veins. The trunks of tlie pulmonary veins are 
commonly five in number; two of which issue from the 
left lung, three from the right. These five veins open 
into the led auricle, whence the blood which they have 
conveyed tliither is propelled into the left ventricle; 
from the left ventricle into the arterial trunk of the 
body, the aorta, the branches of which are distributed 
as universally throughout the whole frame, as those of 
the pulmonary artery through the lungs alone. In the 
capillary vessels of the noria the blood becomes loaded 
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with carbon. The veins formed upon the capillaries of 
tlie aorta are finally collected in three trunks, the two 
venffi cavffi and the coronary vein, which open into tfaft 
right auricle of the heart. 

Such is Lhe course of the blood, the discovery of; 
which immortalized Harvey. His femous theory of the 
circulation was formed upon the following premises. 
I . An animal may be drained of blood by opening either 
an artery or a vein. 2. If aligature be placed upon an 
artery, blood flows with greater force from the vessel when 
punctured on the side nearest the heart, than when punc- 
tured upon the side remote from the heart: the contrary 
happens, if the experimenc be made upon a vein. 3, The 
valves iu the heart, the valves at the origin of the ar»- 
teries, and in the veins, are so disposed as to prevent the 
blood flowing in any other direction than that above da- 
scribed. — Subsequent researches have added little to this 
conclusive evidence, beyond the fact that in transparent 
parts of living animals the blood may be seen to flow 
a continued current from the arteries into the veins. 

The blood contained in the pulmonary veins, in the left 
cavity of the heart, in the aorta and its branches, is of a 
scarlet colour, and is termed arterial blood. That con. 
tallied in the veins of the body, in the right cavity of the 
heart, and in the pulmonary artery and its branches, 
of a dark purjile hue, and is termed venous blood. 

Blood when flowing from a vessel of the living body 
is "an unctuous liquid, of a faint odour and saline taste, of 
the temperature of 98° of Fahrenheit's tliermometer, and 
of the average specific gravity of 1050. The extremes, 
between which the specific gravity of the blood was ob- 
served to range in the recent experimsits of Dr. Scuda^ 
more and Mr. Wood, were 1039 and 1059: in the 
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former instance the blood was drawn from a robust « 
in health, in the latter from a man labouring under pneu- 
monia, who had been previously bled four times'. 

Dr. Dflvy ascertained that the temperature of arterial 
blood in a living aninir.l is about a degree liighcr than 
that of venous blood. The temperature of blood when 
flowing fi-om the carotid artery of a lamb was found to 
be 105°, from the jugular vein 104°. In lambs killed by 
the division of the great vessels in the neck, tlie tempe- 
rature of the left side of the heart appeared about 106% 
ofthe right side 105,5^. In oxen that had been knocked 
down, the blood being of the same colour in the arteries 
and veins, the temperature of the arterial blood was 
found to be 101° or I0I.5" ; of the venous blood, 100". 
In a sheep, in which the specific gravities of arterial and 
s venous blood were 10*9 and 1051, the relative capaci- 
, ties ofthe two fluids for caloric were as .913 and .903.'" 
, According to Dr. Scudamore, arterial blood in liuman 
) Deings is a degree wanner than venous blood, but ex- 
^ ceeds it likewise in ajiecific gravity. 

venous blood be exposed to the influence of atmo- 
spheric air, it assumes a florid colour, with the properties 
of arterial blood ; and the air, witli which it has been in 
I contact, is found to have lost a certain quantity of oxy- 
^ gen, and to contain in its place carbonic acid. As oxygen 
y readily unites with carbon, and as the alteration observed 
in the quahties ofthe blood is such as might result from 
the loss of carbon, it is presumable that the preceding 
change consists simply in the transier of this principle 
from the blood to the atmosphere. 
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When blood is di 
darker. 

If arterial blood I 
ing body, it gradually acquires the properties of venous 
blood ; as may be seen on slackeaing a tourniquet after 
an amputation, when the first blood that issues from the 
divided arteries is of a dark colour. If arterial blood be 
placed in vacuo, or l>e exposed to nitrogen, hydrogen, 
or carbonic acid, it loses its florid hue^. The blood has 
been found of a dark colour upon opening the temporal 
artery of persons labouring under the effects of opium. 
Extravasated arterial blood remains florid for several 
minutes; aller an interval it is found to have coagulated, 
and to be of a dark coloi 

Blood flowing from a vein has been observed, when 
fainting supervened, to lose its usual appearance, and to 
become of a florid hue^. 

A halitus is seen to rise from the surface of blood re- 
cently drawn, upon the same principle that a sensible - 
evaporation takes place from other liquids when their 
temperature is elevated. 

Blood that after having been drawn has stood a few 
minutes, is observed to be covered with a thin pellicle, 
and aflerwards the whole quantity gradually becomes a 
gelatinous solid. This change is termed the coagulation 
of the blood. On an ayerage it commences about three 
or four minutes after blood is drawn, and is completed 
in seven or eight '. Dr. Gordon found the coagulating . 
portion of a quantity of blood warmer than the rest by 
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I' 6" of Fahrenheit's lliermometer. On repeating die expe- 
I Timent upon blood di'awn tVom a i>erson labouring under 
I infianuDatory fever, the rise of the tli emit; meter whs no 
[ less than 12^ ^ In the experiments of Dr. Scudamore, 
I Beat was found to be produced during coagulation, but 
J In a less proportion. Mr. Braiide ascertained that du- 
I xing the coagulation of the blood carbonic acid is di^en- 
I gaged ; this appeared tu hiippen to an unusual extent in - 
P blood drawn soon after a meal ^. 

In a short time ailer coagulation, drops of a yellowisti 
I liquid are seen to exude from the clot, which thus spon- 
I taneously separates into two elements ; tlie solid part is 
I termed the crassajnentum, the fluid part the serum of 
X de blood. The crassameiitum is usually estimated to be 
Is little less in quantity than the serum. But according to 
f Dr. Scudamore and Mr, Wood, the mean of twelve ex- 
I periments gave 56.307 per cent of crassamentum. The 
I proportion of serum is greater in persons of a debilitated 
tliabit of body ihan in those who are strong: it is greater 
Vagain when coagulation takes place imder a low degree 
»of temperature". The slow contraction of the coagulum 
Hifi said not to cease till the fourth day. 

Serum when exposed to a temperature of 160°, and 
Kftill more readily at 212°, is converted into a white co- 
erent mass, from which a fluid termed the serosity may 
obtained by pressure. The coagulated part is albu- 
' men. The same principle exists in the serosity, but is sus- 
pended by the presence of an alkali. Atmospheric air 
in contact with serum does not lose oxygen and acquire 

' Thomson's Annals, vol. iv, p. 139. 

" Phil. 'J'rani. vol. ex. p. 6. * Ibid. tdI. xcviii. p. 1 38. 
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carbonic acid, as when in contact with blood. The com- ij 
ponent parts of serum, according to Dr. Marcet, ar^— 

Water 900.00 

Albumen 86.80 'i 

Muriates of potash and soda . 6.60 
Muco-extractive matter . . . ^■.OO 
Subcarbonate of soda .... 1.65 ' 

Sulphate of potash 0.S5 < 

Earthy phosphates 0.60 *' 

1000.00 
The specific gravity of serum is 1028. ■ 

When the crassamentum has been repeatedly washed; 
it becomes a glutinous and fibrous mass of a grayisb \ 
colour: the water employed is rendered red. Tha 
grayish substance is termed fibrin, and appears not to 
differ from the material left afler the long boiling of 
muscular flesh. It forms the tough substance which is 
fomid after death in the cavities of die heart and great 
vessels, and in aneurysmal sacs, where it is disposed m 
concentric layers. 

The colouring matter of the blood is connected with 
innumerable globular bodies, which are readily discerned 
with tile assistance of a microscope npon examining 
serum, in which a portion of the coloured clot has beeii 
broken down. In a drop of blood the globules are tod 
numerous to admit of their being distinctly seen, except 
along its edges, and there even for the most part the 
mutual cohesion of the globules gives them individually 
an irregidar figure. Dr. Young describes the particles of 
the blood as having a slight depression in the centre, and 
as flattened to that degree, that their axis is sometimes not 
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I 'febove one-third or one-foiirdi of their greatest diameter. 
1 Mr. Bauer represents each pardcle as strictly giobular. 
According to the measurement oF Dr. WoUaston, the 
L diameter of a globule of the blood is ^^-^-^ of an inch. 
I Tlie mean of Captain Kater's observations gave jcns'* 
I Upon examining the globules of blood drawn in streaks 
( gcross a glass micrometer, which was divided in squares 
t lif 250,000 to the inch, it appeared to me tliat where the 
I globules best preserved their circular outline, a line com- 
I posed of seven covered one side of a square ; tlie side of 
I B square was 3-^^ of an inch ; the diameter of a globule 
1 by this measurement j^Vi,. Several lines j^g of an incli 
[ in length, contained eight or even nine globules ; but in 
I these instances the globules appeared narrowed by la- 
I teral pressure. 

Dr. Young mentions that the particles of the blood 
I when placed in water lose their colouring matter, and 
I with it much of their specific gravity ''. Mr, Bauer de- 
I scribes the diameter of the coloured globules as yitsv **'^ 
1 inch, and that of the globules reduced in size by the 
extraction of their colouring matter as jjj'n^j of an inch. 
The same observer describes a set of smaller globules, 
I .the diameter of which he estimates at tttu;; ^^ "" i^'i^h, 
I ^at are discoverable in the coagula of old aneurysmal 
L sacs. Globules of similar dimensions seemed to consti- 
I tute the greater part of the size or uncoloured fibrin of 
inflammatory blood, and of tlie lymph tlirown out by an 
inflamed surfoce; and were found to be produced spon- 
taneously in serum kept tor some time in a slopped phial '. 
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Several of thes2 remarks agree wiih the observations of. 
M.M. Prevost and Dumas, who suppose the blcod to 
consist primarily of €010111*6(1 particles and serum, and 
represent the fibrin as formed of coherent globules which 
have lost their colouring matter"-. 

Mr. Brande discovered that the colouring matter aS'\ 
the blood is an animal substance of a peculiar nature* 
susceptible, like the colouring matter from vegetables, of 
uniting with bases, and applicable to the art of dyeing. 
The most effectual mordauiits for the colouring matter 
of the blood are salts of mercury, especially tlie nitrate 
and corrosive sublimate. 

Mr. Brande ascertained that iron does not exist 
greater proportion in one element of the blood than 
anothei ". 

The coagulation of the blood and its separation int(>> 
serum and crassamentum are phenomena, which may 
equally be regarded as the result of its composition, 
its previous continuance in a fluid state. The circum- 
stances under which the blood exists vary, and the re- 
ciprocal attraction of its elements is changed. Our 
knowledge upon this subject is, however, very imperfect, 
and amotmts but to a bare enumeration of instances, in 
which tlie coagulation of the blood takes place readily, 
or slowly, or is entirely prevented. 

The tendency of the blood to coagulate, when drawn 
from the living body, is not affected by moderate dif- 
ferences in temperature". Blood at G?" and 105° co- 
agulates in the same time as at 98°: as readily p when ex- 
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poseil to azote, nitrous gas, nitrous oxide, carbonic acid, 

and hydrocarbon, as when exposed to atmospheric air''. 

Blood coagulates quickly when placed in a receiver, 

from which Uie air is immediately exhausted; when 

slowly drawn into a shallow vessel ; when exposed (o 

' atmospheric air' at a temperature of 120"; more rapidly 

I when the body la exhausted by hemorrhage, than when 

it eidsts in sti'ength and vigour : the latter provision is 

I remarkable, for the coagulation of the blood tends lo 

stop hemorrhage. Upon the same provision is founded 

the practice of reducing by low diet and repeated bleed- 

, ings those who labour under internal aneurysms, with 

the expectation that the sac may become obliterated, or 

its growth be retarded by the accumulation of layers of 

coagulum. 

The coagulation of the blood admits of being post- 
I poned: 1. By freezing, A portion of the jugular vein 
I in a rabbit tied between two ligatures was removed with 
I the blood contained in it, and frozen : when thawed, the 
I blood became liquefied, and coagulated '. 2. By low 
f temperatures above the freezing point. Mr. Hewson 
I placed blood in oil at a temperature of 38° : at the ex- 
I piration of six hours it continued fluid ; but being tlien 
allowed to attain a warmer temperature, it became co- 
agulated in twenty-five minutes. 3. By mixture with 
certain neutral salts. If half an ounce of Glauber's suit 
be mixed with six ounces of fresh blood, the mixture 
does not coagulate; but on the addition of a double 
quantity of water coagulation takes place. 

Other circumstances delay coagulation. Blood co- 
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agulates slowly when drawn rapidly ioto a deep vessel; 
wheD taken from a person in vigorous health, or from 
one labouring under inflammation; when detained at 
rest in a vein of a living animal between two ligatures. 
On a repetition of the last observation, Mr. Hewson 
found tlie blood two-thirds fluid after three hours and a 
quarter had elapsed : the blood being then exposed, en- 
tirely coagulated. When the experiment was varied by 
blowing air into the vein, tlie blood was found to have 
coagulated in a quarter of an hour. Mr. Hunter men- 
tions tliat two leeches which had been applied, were 
subsequently preserved ten weeks. At the expiration of 
that time tliey contmned a considerable quantity of blood, 
which appeared like blood recently drawn from a vein, 
and coagulated when exposed. The following incident 
is to the same purpose. On tapping a hydrocele, a small 
vessel was wounded, and the blood escaped into the sac: 
when the tapping was repeated sixty-five days atler, 
the blood came out thickened, but then coagulated and 
separated into different parts'. Blood, extravasated 
through the rupture of vessels, often remains for a con- 
siderable time in a fluid state. 

In some instances a modified coagulation takes place. 
Mr. Hewson found that if blood was kept at a tempera- 
ture of 58° for twenty- four hours, it had become thick and 
viscid, but did not coagulate on regaining a higher tem- 
perature. In torpid bats Mr. Cornish found the blood 
thickened, but it soon recovered its fluidity on motion 
and heat. 

The blood does not coagulate when the causes that 
are capable of postponing coagulation have continued to 
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f 6perate beyond a certain period. If recent blood be 
I constanti)- stirred for some minutes, it remains perma- 
nently fluid. In persons killed by lightning, by blows 
on tbe stomach, by the bite of vendmous serpents, or 
I through the influence of acrid vegetable poisons, or in 
K'jiersons dying from violent mental emotion, the blood is 
\ -BBid to be found fluid, and the muscles do not become 
I rigid. A temporary change in the nature of the blood, 
Pof a like kind, is found in certain diseases. Mr. Hewson 
r tnentioQs tliat a woman was bled in a fe^'e^ which came 
[ Qn soon afler delivery : her blood did not coagulate on 
' being exposed lo the air, but appeared like a mixture of 
the red globules and serum only, tlie globules having 
subiiided to the bottom in the form of a powder. She 
[died three days after; and upon examination the blood 
f was found to Iiave coagulated in the vessels, and a tough 
[ white clot was found in each auricle of the heart: the 
rlplood that had been taken during her life did not co- 
Ecgnlate tiU at the heal of 160°. The blood secreted in 
Deal thy menstruation does not coagulate. 

It is remarkable, that, if we except the effects of ex- 
' treme cold, the causes which seem to retard the coagu- 
I lation of healthy blood, when not circulating in the body, 
[ »re the presence of one or other of two conditions e». 
[ sentially belonguig to it when circulating in its proper 
r vessels, motion namely, and tlie exclusive contact of 
living surfaces. Of these conditions, if motion be not 
the most influential, yet if it be wanting, coagulation oc- 
casionally takes place even in the living body, as is shown 
by the clots formed in aneurysmal sacs, and in arteries 
r to which ligatures have been applied. 

Blood when coagulating is remarkably adhesive, and 
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readily attaches itself to a cut surface, or to an internal 
membrane of ihe living body. Mr. Ifunter ascertained 
that the clot of blood adhering to the edges of a wound 
becomes vascular, or receives fluid blood from the living 
surface into a series of irregular cavities. Mr. Hunter 
succeeded in injecting the adherent coagulum from the^ 
arteries of the neighbouring parts. 

Sir Everard Home has recently ascertained that the 
tubular cavities of the clot are spontaneously formed in it, 
whetherin contactornotwith a living part, unless the blood 
coagulate in an exhausted receiver. He attributes their 
production to the disengagement of carbonic acid ". The 
adhesive property of coagulating blood, and its capacity , 
of becoming organized, make it highly instrumeutal in 
re-uniting divided pails of the living body. 

During derangement of health, the blood exhibits 
various peculiarities. 

The serum has been found to have the appeai'ance of ^ 
whey; to have streaks upon its surface like a cream 
have been as white <is milk, the coagulum retaining its 
usual appearance. Mr. Hewson, who considered the 
red particles of the blood to be flattened, attributed the 
colour of the serum in the preceding instances to the 
presence of very minute globules. Mr, Hunter observed 
the serum in one case separate from, and swimming upon, 
the uncoagulated fibrin immediately after the blood had 
been drawn; and mentions that in jaundiced persons the 
serum is yellower than ordinary. 

The crassamentum is sometimes found straw- or size- 
coloured, and semi-transparent to a greater or less depth 



"Phil. Trans, vole 



Iiiflammaliiry tjitat oflkt Blood. 



SS 

I'npon its upper sarlace. This appearance is termed tlie 

i buff, or, from its ordinary cause, die iaflaminatory crust 

I of the blood. In general the stxy part is finaer than the 

I test of the clot, and its edges are drawn inwards so as ta 

inder the upper surface concave, which is then said to 

B capped. 

It is not easy to say by what interna] arrangeiDent of 

s the colourless size is produced : for although it be 

■irue thai inflnnimatory blood coagolsies more slowly 

■dian healthy blood, yet it is known from the experi- 

ftments of Mr. Hew&on, that neither the serum nor the 

I coloured particles of either sort of blood differ in spe- 

I ciiic gravity ; tliat healthy blood when slow in coaga- 

■isting does not form a size ; and that inflammatory blood 

I half a minute afler it is drawn, exhibits a blueisb 

ransparency upon its surface, which shows that already 

:oIour of the upper part is discharged. The lower 

irl of a mass of inflammatory blood is found lo be the 

I coagulate; the colourless part is the latest in 

Koming coherent. 

The rapidity, with which the healthy and inflammatory 
I ^>pearances of the blood may alternate, is very remark- 
lable, and well illustrated in the following cose. 

A young man of an athletic habit was bled during a 
ibrile attack. Upon opening a vein the blood flowed 
y slowly, or merely triclcled down his arm: tliis ap- 
peared to result from the timidity of the patient; for 
after closing the wound for a few seconds and encou- 
raging him, upon removing the finger the blood flowed 
copiously. Three ounceswere then received icto a second 
cup; an equal quantity was immediately caught in n 
third cup. The patient now became faint, was laid upon 
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the floor, apd a few drachma more of blood were taken 
into a fourth cup. 

Of these four quantities of blood, that which was taken 
away the last was cpagulated in tliree minutes ; that first 
taken was coagulated in twelve ; that taken in the second 
cup was not completely coagulated in twenty-two mi- 
nutes ; neither of the three had an inflammatory crust. 
But the blood received into the third cup began in five 
minutes to af^ear transparent on its surface, was not 
completely coagulated for thirty-five minutes, ^dd^rco&i 
hibited a remarkably thick and tough size'^ 
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The pheocxnem crf'eack c 
I ihus produced, bare a 

Lbs in ascribu^ die whale to <ne fnpertf , mtmA has 
(been termed IrmahDior. Ther ore bnad^&dBgnfarf 
n the efiectsofelsstJcitj, of gr » i i t y , froi ibeespa^ 
s of bodies, vbidi are CMued by 
I of tenpentBre ; and ahhoMgh tbet in mne 



^ootrespond voh tberauluaf g 
i amlogy seems br too looHe nd JncwnpleH M 
itaconjectoreth«t h ei» «e MiBit»of ii riafclapMtt 
1^ depeiul upon a mo^ficstim of the duxuie. yMimti^i^ 

Tbe parts t^ the hmnsD fhane wfaida pnmitmt nvil^ 
I Inli^ are, mnscalar sahaanop, the nibrf nt at the 
Btervs, the fibrous oaa< of arteries (he i 
maigtn of the iris, some ports of the ddo, si 
the dense texture vbtd) is eaipl(M«d in feminf; oxiv- 
toty lubes. In the phencmena of muscular mcoaa aiaot, 
which ibrm the subject of ifae pieseat chapter, s sur- 
prising diversity exists. 

MuscuW substance b what is cootmoaly csQed flesh 
in animals ; Tarying in diSmat geaen and ipacao, in 
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different individuals of the same species, in difFbrent 
parts of the same body, both in firmness and colonr, it 
uniformly preserves n more essential point of resemblance 
in its tibrous structure. Yet it may be remarked, that 
the firmness and depth of colour of muscles, taken rela- 
tively, are generally proportionate to the frequency and 
energy with which they have been used. 

The flesh of the human frame is of a reddish browa 
colour in the niusclt« of llie trunk, head, and limbs, and 
in the heart; of a pale gray in the muscular coat of the 
alimentary canal and of the bladder. But upon mace- 
ration in water it is found in each case to be reduced to 
little more than a colourless fibrin. The water that has 
been employed contains albumen, gelatine, extractive 
matter, and various salts. Perhaps the most remarkable 
circumstance, which chemistry has ascertained in this in- 
vestigation, is that nitrogen exists in larger proportion 
in the muscles of animals with red blood, which possess 
the greatest variety of function, and enjoy them in the 
most perfect state, than in those of fish or reptiles ; and 
that in animals of the sanie species, those of adult age 
contain more nitrogen tlian the same muscles soon after 
birth". In young .inimats, it appears that the muscles 
as well as the membranes ami bones contain a consider- 
able quantity of gelatine ; but as they advance in age the 
gelatine disappears, and is replaced by albumen. Fat, or 
oil contained in delicate membranous cells, is found va 
the substance of muscles, more coarsely wrought into 
tlie texture of some than of others, and in age than in 
youth. 
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I J When a, portiun of a muscle is examined, it appears 
I to consist of flattened bonds, or lacerti, of a soft j-ieliling 
I flesb, connected togetlier by a thin elastic transparent 
I membrane. Each of these bands admits of separation 
I into slender strips or fibres, which again may be resolved 
I (into others jet finer. All the fibres are individually in- 
I vested and joined together by processes of the same 
^.jnembrane, which unites the lacerti. 
I f} A few hours atler death the membrane investing mus- 
Iff^les is found to be firmer and more adherent than at a 

■ later period. When decomposition commences, a [noi»- 
I ,ture is produced between the membrane and the flesh, 
I probably through the resolution of the finer productions 
I .of the membrane. If in this state a lacertus be laid upon a 
tf piece of glass and be partially drawn asunder into shreds 
I under a drop of water, fine fibres of different sizes ore 
I .visible every where to the naked eye. If the portion 
RfPpread out to the greatest tenuity be examined in a ml- 
l^fffoscope, the fibres at one part or another are distinctly 
K^en to consist of numerous minute threads of an uni- 

■ ^form size. As these threads appear to admit of no 
I ifiirther subdivision, it is presumable that ihey consti- 
I , tute the primary filaments of muscular substance. 

f In order to obtain a coarse measurement of the dia- 
meter of these filaments, thin streaks of blood may be 
,dra\vn at random across the prepared surface; and it 
cannot fail of happening that at one point or another the 
globules of the blood will be so intermingled with the 
isolated filaments, that their relative breadth may be 
compared. The diameter of a globule of the blood ap- 
pears to be nearly the same with the breadth • of the 
primary filament of a muscle. 




n .'" '^ Nature of ike. Primary Filament. 

If the primary filaments be now viewed under a varied 
light, by altering the inclination of the mirror attached 
to the microscope, or by shading the light with the hand^ 
another circumstance becomes apparent at one point or ■ 
another of the surface : the filament, iiiiiteiid ol'presenting 
a perfectly even outline, is seen to be regularly indented, 
and faint cross shadows upon its snrlace, more or less i 
ilearly distinguishable, show that it consists of cohering 
sphericles, which are nearly equal in size to those of the 
blood. 

By the preceding method it is easy to obtain an ap* | 
proximation to the relative size of the muscular globules | 
and of those of the blood, the discovery of which wcp 
owe to Sir Everard Home and Mr, Bauer. 

The accurate observations of Mr. Bauer have de^ 
termined that the size of the muscular globule exactly 
corresponds with that of the uncoloured globule of 
the blood ; and that the primary filament consists uf a 
series of such globules connectc<l by an clastic medium, 
which admits of sufficient elongation that a visible inters ] 
vid may be produced between the globules'". I 

It appears that in each fibre the primary filaments ex- 
tend individually its whole length, and are laid parallel 
to each other. In different muscular parts the fibres are 
disposed in various ways, either parallel to each other, or 
convergent, or interwoven with and decussating each | 
other. 

Muscidar parts receive a large supply of blood ; but ( 
there is reason to believe that the distribution uf the ves- , 
sels is not so minute as former theories of nutrition sup- 
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posed. The veins iii muscles have numeroLs valves. 
LymphaticH have not been traced Ui any distance into the 
substance of muscles. 

Nerves are distributed to all muscles, but in a larger 
proportion to some than to others, to the voluntary than 
to the involuntary : the observations of MM. Prevosl 
I and Dumas made it would seem upon parts of the for* 
' mer class, have elucidated a question, upon which hy- 
potheses very opposite to truth were till lately entertained, 
\ and tend to establish the curious fact, that nerves arc 
I not continuous with muscular fibre. According to the 
Statements of these physiologists, the course of a nerve 
and of its first branches through a muscle is in tortuous 
lines, the direction of which appears indifferent; but the 
1 minute filaments, in wbicJi each branch ends, are observed 
I JHvariably to traverse the muscular fibres at a right an- 
I gle and at short distances from each other, and tlieii eittier 
L to return to die same nerve, or to join o neighbouring 
I j^anch : iLus a nerve terminates in muscles by innume- 
I table delicate loops, or the nervous filaments distributed 
transversely through muscular substance, communicate 
equally at either end with the brain or spinal chord. 
[ This dispDsidon of parts is not to be observed without 
L difficulty in the opake flesh of warm-blooded animals, 
■ 'but is readily seen in the thin transparent muscles of 
p£vgs. Several partial instances of a like nature have 
f been long known to anatomists. ITie branches of the 
L portio dura are foimd to unite by slender twigs with 
p those of the three divisions of the fifth nerve in the flesh 
of the face ; and in the tongue the union is equally evi- 
dent of twigs of the ninth nerve with twigs of the gusta- 
tory. It is remarkable that in these familiar instances 
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the junction takes place of sentient nerves with nerves of 
motion. MM. Pr(:vost and Dumns have not ascertainecl 
whether the same relation is observed in the union of the i 
altimate nervous filaments In muscular substance '. I 

All muscular parts during life or shortly after de-ath, I 
may be observed in one of two conditions, which alter- 
nate, in action or in repose, in tension or in relaxation. 
' A muscle, when relaxed, is soft, yields readily to lateral 
pressure, is easily extended in the line of its fibre, and if 
previously shortened, on becoming relaxed has a greater 
or less tendency to lengthen itself, which may possibly. . 
depend upon its elasticity alone. - I 

A muscle, when in action, is hard, rigid, resists extend ■ 
sion, and has a forcible tendency to shorten in the lengtli 
of its fibre. The rigidity has no reference to the degree 
of shortening produced, but depends entirely upon the 
force employed. If with the elbow slightly bent, and 
the fore-arm in extreme pronation, an attempt be made 
against a superior resistance, to bring the arm into the 
state of supination, the biceps flexor cubiti without] ■ 
shortening becomes harder and more rigid than in exnjl 
trerae flexion of the elbow and supinatiou of the wrisi 
sustained without much effort. The shortening of n 
cles is an accidental result of their action. 

Action may be produced in all muscles during life of,u 
soon after dealli by various stitnuli; by mechanical irri-| 
tation, as upon the simple contact of a new surface, orJ 
upon cutting, tearing, or pinching the exposed fibre, by.J 
chemical excitement, as upon the application of dilutG4J 
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bid or alkeltne fluitls, and of most neutral .'^oJts, or by 
I ^ectricity. 

A muscle in action, if allowed to become shorter, 
I gains exactly in thickness what it loses in length. The 
I Tentricular jwrtion of the heart removed from a large 
I dog immediately alier death by hanging, was immersed 
I in warm water contained in a glass vessel, which was 
I wosed ])eIow with a ground glass stopper, and terminated 
I lEbove in an open vertical tube one-third of an inch in 
I'diameter. The ventricles continued allernalely to con- 
I ttact and dilate for a sufHcient lengtli of time to satisfy 
1 me that the height of the water in the tube was unaf- 
fected by the varying condition of the muscular fibre''. 
The change in form, which muscular fibres assume 
t during their action, Has remarked by ihe accurate and 
I'Migacious Hales. 

" If," says he, " the skin be removed from the belly 

I Cf a live frog, and the abdomen opened on each side so 

8 tliat its straight muscles may by drawing a little on 

I i^ie side have a strong focal light cast on the inside of 

I them ; if in this posture these muscles be viewed through 

^ a good microscope, the parallel fibres of the muscles are 

plain to be seen, with the blood running alternately up 

t and down between each fibre in capillary arteries so fine 

' that only a single globule can pass them. If tlie muscle 

I happens to act while thus viewed, then the scene is in- 

Etantty changed from parallel fibres to series of rhom- 

boidal pinnulee, which immediately disappear as soon as 

the muscle ceases to act. It is not easy to get a sight of 

I this most agreeable scene, because that on the action of 

Aqatomical and Phonological CommentariH, vol, i. p. IS. 
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ihe muscle the object is apt to get out of the locus of thtf | 
microscope; but those who are expert in the use of these ' 
glasses may readily move them accordingly. I have 
found small frogs best for tliis purpose, namely such as 
are not above a third or a fourth of their full growth. 
Stimulating the foot of a frog will sometimes make it 
contract these muscles. The frog must be fixed in a 
proper frame. If repeated obser\'alions were made on 
the muscles thus in action, it might perhaps give some 
farther insight into the nature of muscular motion'." 

The recent researches of MM. Provost and Dumas 
have supplied what was wanting in tlie observations of 
Hales, and explain the change in form of each single 
fibre, from which the preceding appearance results. J 
The ventral muscle of a frog so placed in a frame that I 
a current of the galvanic fluid might at pleasure be di" ' 
rected through it, was examined in a microscope. When 
excited to contract, the fibres were seen to become bent 
at numerous angles into zigzag lines. When the sti- 
mulus was discontinued, the part regained its former 
length, and tlie fibres their straight direction. The 
angles were observed to be placed at nearly equal dis- J 
tances, and corresponded exactly with the point of ii>i 1 
tersection of nervous filaments. The same circumstances I 
are stated to have been made out in the muscles of 1 
warm-blooded animals, and no less in the muscles of tite | 
trunk and limbs than in those of the hollow viscera'. 

Dr. Hales expected to find in the circulation of the 1 
blood the cause of muscular action. The nervous in- \ 
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\ fiueuce is the idol of the present day ; and MM. Pre%-o»t 

nid Dumas tiRCe the force of irritability to this source. 

Wwo currents of galvanic fiutd moying in the same di- 

Mction have a mutual attraction : in like maoncr, say 

I tiiese ingeDious physiologists, two currents of the tier- 

I tous influence (which they seem to idenlily in thb in- 

liitance with galvanitsm) or the nervous filaments, which 

: its conductors, may attract each other. 'ITiis fan- 

I «i&l supposition, which removes the force of a moscle 

I from its fibre to its nervous dlaments, is curiously con- 

r MStent with tlie feict, that the only apparent change in 

\ ihe muscular fibre when acting, is its xigzag fiexion *t 

those points where it is iutersccted by nerves. 

WJien the ovary of llie frog is full of spawn, the ab- 
J doniinnl muscles are extended considerably beyond their 
■ liebitual length. Upon being detached from the body, 
I when in this condition, they are found to lose at once 
I third of their accidental elongatiou : but during this 
I shortening the fibres preserve their straight direction; 
T and only when subsequently excited by galvanism to 
I further action, exhibit the phenomena above described, 
1^ or become shorter, and are throvni into zigzag lines. 
The observation has equal interest, whether the first 
\ contraction be referable, as MM. Prevost and Dumas 
i inclines! (o liiippose, to the elasticity of maecular 
1 lubstance, or require to be otherwise explained. 

Many phenomena of the same description have been 
noticed, which are said to result fi-om the tone of mus- 
cular parts. If a muscle in its medium slate of exten- 
sion be exposed immediately after death, as for instance, 
the pectoral muscle ui a dog, anti l>e divided transversely, 
the separate portions instantly recede to some distance 
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from each other. The sanie happens in the living body; 
and as Bichat ascertniDed, ihe retraction is equallj 
prompt and energetic, whether the nerves of the part 
have been previously cut through or noL The separate 
portions that have retvacteil, if excited, shorten further, 
and again become elongated to tlieir last dimensioa. It 
is extremely difiicuh to determine whether the contrac- 
tion in the first instances adduced, and the elongsdon in 
the lasl^ belong to elasticity or to irritability : two re- 
marks, however, may be made in connexion with tbii 
fjuesUon. Muscular substance in the dead body ap- 
pears to have but little elasticity ; and wherever a muscle 
is found, some special provision is met with calculate^ 
to elongate it when relaxed, consisting either in an 
elastic resistance, or in the pressure of accumulating 
fluids, or, as more generally happens, in the action of 
other muscular Bbres disposed as and termed antagonists 
to the first. In most cases two sets of muscles, which 
habitually antagonize each other, are yet capable of ac^-J 
ing in concert. r I 

By the excessive action of muscular parts, their irrit^ J 
bility is said to become exhausted. By protracted ex- 
ercise the voluntary muscles are consciously enfeebled. 
A muscle repeatedly stimulated in a physiological exp^ 
riment at length ceases to act. Dr. Wilson PhiUp Sft-J 
certained that this mode of exhaustion ensues evenfl 
sooner when the part is led in communication with the 
brain, than when its ner\'es have been previously divided'. 
After unusual exertion, a period of repose seems requi- 
site to enable a muscle to recover its full capabiliQ' « 
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I contracting upon excitement. Sir A. Carlisle iBscovCTeH 

diat in several animals, which are remarkable for the 

tlowness of their muscular movements, the main artery 

of each limb is abruptly divided into numerous trunks, 

tvhich pursue a parallel course and freely communicate. 

I fsi the fore leg of the lemur tardigradus, as many as 

I ^ty brachial arteries are thus found *■. One effect of 

I- diis provision must be to lessen the force of the blood 

I circulating in the muscles of the limbs; but its relation 

to the habits and muscular power of the animal is un> 

\ known. In this, as in other instances, we are wholly 

I tinacquainted with the qualities in the organization uf 

[ Ignuscles, which diversify their mode of irritability. 

The rigidity of muscles, which ensues soon alter death, 

I ;^ouId tend to elucidate the nature of tbetr action during 

The period at which this change begins, as well 

I 4is its degree and the term of its continuance, are very 

l'4ndefinite, but appear to have some proportion to the 

T-d^ree of physical exhaustion which the body has pre- 

I viously undergone. The muscles of those killed by 

-lightning are said not to become rigid. In animals that 

^ve been hunted or driven hard before slaughtering, 

the muscles are said to stiffen in a few minutes ; but the 

( rigidity is incomplete, and disappears sooner than in 

B-*other cases. 

Ici In sheep and oxen the joints have ordinarily begim to 
stiffen in half an hour after death : in about twenty-four 
hours the rigidity appears complete, and the flesh when 
divided does not retract: but it seems that during the 
'first three or four days it continues gradually to acquire 




W li'gidiiy aj'ler Death. 

more £nniiess. In hot weatlier the Dcsli of slaughtei'ed 
animals never becomes |ierlectly rigid, and till decora^ 
position b^ijis, retracts in .some degree when divided.- 
Warmth appears directly to prolong the phennmena of 
irritability in dead muscular parts. A heart that hns 
ceased beating will even resume its action when inintersed 
in warm water. It may be observed, that under drJ 
cumstances nearly similar, like parts in dilferent animaltf 
of the same species vary remarkably in respect to the 
duration of their irritability after death. In two cats de^ 
stroyed by hanging, the heart of the one had entirely 
lost its irritability in half an hour ; in the heart of the 
other the auricles continued, at the expiration of four 
hours, occasionally to contract. In one instance the vo- 
luntary muscles, in another the involuntary muscles, first 
lose the capacity of being excited by stimuli. If the 
surface of the flesh be exposed within a few minutes aftetf 
death, the fibres are seen to describe a right line, nnli 
their attachment be brought near to each other, when 
tliey lie in iblds: after a minute or two, slight convul- 
sive actions are to be remarked of the separate fibres, 
both in the heart, and in the muscles of the trunk and 
limbs: these last for a few minutes, and are capable of 
being re-excited if salt be sprinkled upon the surface. 
Rigidity is produced almost instantaneously if warm watM* 
be injected into the arteries of a muscle. The flesh under 
these circumstances becomeii pale, increased Jn balk, and^ 
suddenly hardens. 

The operation of crimping fish consists in dividing the 
muscular fibre before it has become rigid, and Immersing 
it in hard water. A small part treated in this matmefi 
contracts and hardens within five miimtesj a larger part 
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Of Crimped Muscles. *7 

kkes a longer period. Sir A. CaWiiile. ascertained ilmt 
■'Cmiped flesh gains iu weight and id specific gravity, and 
Ijientions an expeiiment wiiicb is highly interesting, as 
IBticipadng in some degree and confirming the recent 
searches of M.M. Prevost and Dumas. Some of the 
lallest fasciculi of muscular fibres from a calf thai had 
[en killed two days before, were placed upon a glass 
plate in the field of a powerful microscope, and a drop 
of water thrown over them at the temperature of 54", 
the atmosphere in the room being 57' : they instantly 

I began to contract, and became tortuous'. Crimping 
ttily takes effect if performed before the natural stifli;n- 
Ing has been completed. Sea-fish intended for crimping, 
lute usually struck on tJie head when caught, which is 
plid to preserve them for » longer period Bt for the piii^ 
pose. No doubt tliis expedieftt, which is fortunately 
humane, operates by preventing the fish from exhausting 
its muscles in convulsive efibrts. 

', The preceding details illustrate generally the nature 
f muscular action. A muscle is, it appears, so con- 
^tuted, that upon a given impression certain points in 
k1i fibre are suddenly attracted towards each other 
ftvnth increased force. It remains to be shown whether 
I* the attraction be exerted equaUy by every intrant mo- 
lecule of the fibre, or whether it oi)erate from definite 
points at appreciable intervals. Either supposition ap- 
. pears compatible with the change &om the right line to 
zigzag, which is observed to lake place when the 
fre is shortened beyond certain limits. 
L, Muscular parts are found to vary among themselves, 

■ Ptal. Trana. vol. xcv. p. 81. 
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as regards their natui-al condition in the absence of 
special impressions, the duration of their action and of 
the alternate periods of repose which they require, the 
kind of stimulus calculated to excite their action, and 
the degree of sensation attending their use. 

When we seelc for some broad and leading distinction 
among parts of this nature, a phenomenon presents itseU^ 
which serves to distribute the diifereut modes of irrita- 
bility under two heads. It is to be understood tliat every 
voluntary muscle receives a nerve, upon the division of 
which its action is paralysed : nerves of this class are 
sometimes called voluntary nerves. Now it is found 
that after a voluntary nerve is cut through, either in a 
living animal or immediately after death, mechanical 
ritation of the part of the nerve so disconnected with tl 
brain, as for instance the pinching it with forceps, causes 
a single sudden action of the muscle or muscles it sup- 
plies. But this phenomenon is not confined to parts 
that are by common consent allowed to be vohmtary; 
nor is it shown in all parts, which seem at first sight to 
be directly under the controul of the will. On the other 
hand, pans exhibit a like phenomenon which the will 
does not consciously actuate ; and those which are com- 
monly termed involuntary, show nothing resembling it. 
Setting aside therefore for the present the question of 
the influence of the will, let us be satisfied with observing 
what muscles act when a divided nerve that enters their 
substance is pinched, and what do not, and with tracing 
the collateral differences of the two classes of muscles, 
which are thus distinguished. 

The parts which are susceptible of this mode of ex- 
citement, are the muscles of the trunk, head, and limbfli 
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f lli« tongue, ul'tlie soft palate, of the Inrj-nx, of tlie 
ifaaryn?; and cosoplingus, and of the tower outlet of the 
The opposite class comprehends the henrt, 
the stomach, the small and frreot intestines, and the 
bladder. 

IhThe collateral difierences, whicli cliaractenze cither 
, are, with exceptions aflerwards to be adverted to, 
e following. 

Of the muscles, which act when a nerve disiribulcd 
irough tlieiii is nieclmnically irritated, it may be re- 
tarded, 

, That tliey admit ol' being thrown into action liy ttOr 
iffort of the will. 

. That with sufficient attention and resolution, their 
ition may be reti'itincd li'om. 
. That their action is attended with a conscious ef^ 
;, and has reference to sensation. ' 

>i4. That if divided, the separate parts retract instan-/ 
neously to a certain point, and subsequently imdergo 
» further permanent shortening. 
. That when mechanically irritated, a single and 
momentary action alone ensues. 

6. That they remain relaxed, unless excited by special 
impressions, both in the living body and belbre the loss 
of irritability ai^r death. 

7. That their action in the living body habitually re- 
sults from an influence transmitted from the brain, oi- 
spinal chord through the nerves. 

The exceptions to be made against this statement, if 
applied generally, are that the three first affections are 
not easily brought home to the muscular tibreii of the 
oesophagus, or of the lower part of the pharynx; but it 
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deserves at the same time to be considered, that the lower] 
part of the pharynx and the cesophagus are in the pef^ 
culifir situation of parts employed upon one object alone 
instinctively and habitually on the occurrence ot" a local 
sensation ; a condition which would soon reduce a strictly 
voluntary muscle to a state apparently removed froi 
the controul of the will. 

Muscles of the preceding class, if we except the Skat 
ciculi belonging to the pharynx and oesophagus, and 
urethra, are so disposed as to estend from one piece to 
another of the solid framework of the body : they en- 
large or straighten the cavities of the trunk : they pro- 
duce the phenomena of the voice ; they close the excre- 
tory passages; they move the limbs upon the trunk; the 
whole frame upon the ground. Muscles of the fcllow- 
ing class are employed, like the exceptions in the pre- 
ceding, as tunics to the hollow viscera, the cavities of 
which they diminish in their action, and thus serve to 
propel their contents. The cesophagiis, indeed, iqipears 
to partake of the nature of both classes of muscles ; when 
the nervi vagi are pinched, one sudden action ensues in 
its fibres, and presently after, a second of a slower chat, 
racter may be observed to take place. 

Of the muscles which do not act upon the mechanii 
irritation of any nerve distributed through them, it mi 
be remarked, 

1. That the will cannot instantaneously or direi 
produce action in them. 

2. That efforts of attention, with the resolution 
abstain from their action, are insufficient to repress it. 

3. That their action is not attended with a conscioi 
effort, and seldom has reference to sensation. 
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> 4. That if divided, the retraction which follows is in 
post instances slow and gradual. 

• 5. That if they are mechanically irritated, not one, 
^nt a series of actions ensues. 

6. Thai theii- natural state in the absence of external 
impressions is not continued relaxation. When the 
heart and bowels are removed from the body of an 
animal immediately afler its deatli, they contuiue for a 
time alternately to contract and to dilate. 

7. That an impression transmitted throtigh the nerves 
does not appear the usual stimulus to their action. 

The exceptions to be found to these remarks, arc 
more numerous than in the preceding cli>ss, and their 
consideration would lead me into details too minute for 
this part of die work, in whieh my object has been to 
convey a general notion only of muscular action. Let 
me conclude the present chapter by observing, that the 
leading distinction pointed out among different modes of 
irritability appears applicable to other textures, besides 
those which are strictly termed muscular. The iris acts 
when one of the two nerves distributetl to it is mecha- 
nically irritated. And on the other hand, tlie calibre of 
arteries is not diminished when their nerves are pinched ; 
and the uterus ajid the skin, it is probable, are equally 
^sible to this mode of excitement. 




CHAPTER IV. 

OK THE l-TJRCES WHICH CIRCULATE THE DLOOD. 



The stream of florid blood, collected from innumerable 
vessels in the lungs, flows to every part of the body. 
The stream of black blood collected from tlie capillary 
vessels of the whole body, flows aguin into the lungs. 
Theiformer passes through the left cavity of the heart, 
the latter through the right. The structure of the heart 
is muscular ; its nctinn gives motion to Uie blood, which 
by the operation of valves is confined to one (UrecUon. 

■But in order to understand the mechanism of the cir- 
culation, it is necessary not merely to examine the dis- 
position of the muscular lacerti and of the valves in tlie 
heart, and the structure and properties of arteries and 
veins, but in addition to consider the nature and influence 
of the cavity in which the heart is placed, and of the di- 
latable and elastic viscera with which it is surrounded. 

The thorax of a skeleton is a hollow conoid,, broad 
below, narrow above, where it is obhquely triuicated : 
its axis is inclined obliquely upwards and backwards : it 
is composed of the dorsal vertebrte, the ribs, and the 
sternum. The twelve dorsal vertebrre form a coliunn 
so bent as to be concave forwards, and which in refer- 
ence to changes of figure in the chest may be considered 
as fixed. The twenty-four ribs are individually move- 
able upon the spine in every direction, but to a degree 
extremely limited. The seven uppermost, or the true 
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ribs on either sitle, are let in by sUps of cartilage into 

ovnl fossuke doDg the side of the stemmn, which they 

support. The five lower, or false ribs, are attached each 

to that above. The ribs and sternum are slight aod 

iragile bones. In composition they derive strength from 

convex fonn, and numerous and elastic joints. 

An ima^nary plane carried through the first dorsal 

vertebra, through both articular extremities of the first 

rib of either side, and through the upper part of llie 

sternum, would slant obliquely downwards and for- 

jrords. By the movement of each first rib upon its 

-Ipinal joint sufficiently to raise the upper margin of the 

[Vtemum to tlie height of the first dorsal vertebra, the 

"y plane would become horizontal. In man this 

lotion of the first rib is very limited ; but it is obvious 

proportion as it takes place, the vertical distance 

the sternum from the spine, or tlie depth of tl>e chest 

mes increased. The six lower true ribs move more 

:ly upon their vertebral joints, and contribute to raise 

id carry forward the middle and lower part of the 

Itternuni for the same purpose. 

I By this provision all the muscles of tlie trunk, die 
ffcwer attachment of which is to the ribs, are rendered 
table of increasing the depth of the chest or its dia- 
ller from before backwards, and the opposite class of 
imcles, of diminishing the area of the chest in the same 
dimensions. 

All thu ribs, but the first, admit of a limited degree of 
rotation upon their vertebral and sternal joints. Nature 
itinguishes in the foetal state the fixed character of the 
'st rib, by forming its cartilage of a common substance 
^h the sternum, with which the cartilages of the sue- 
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ceeding ribs are not continuous, and by disposing all its I 
parts in one plane. If an oblique plane be ima^ned to 
pass through each articular surface of any pair of ribs 
between the second and tenth inclusively, the greater 
part of the shaft and cartilage of these ribs is seen to fell 
below it. If the intermediate part of these ribs be raised 
towards the imaginaiy plane by the rotation of each 
upon its sternal and vertebral joints, it is obvious that 
tlie transverse diameter of the chest becomes increased. 

By this [irovision the same muscles, which contribute 
to enlai^e the depth of the thorax, are rendered capable 
of adding to its breadth, and the same which dimini^ 
its area in the iirst dimension, are fitted to diminish it 
in the second. 

The chest is closed above by a fascia or layer of con- 
densed cellular membrane, ivhich extends across from 
the spine to the sternum, from the first rib of one side 
to the opposite, and is perforated by the windpipe, the 
gullet, and tlie great vessels of the head and upper ex- 
tremities. The intervals between the ribs are closed by 
the oblique fibres of the intercostal muscles, which in 
their action draw towards each other adjoining ribs, and 
are capable of contributing either to the enlargement or 
to tlie diniinution of the area of the thorax. 

The floor of the chest is formed by the diaphragm, or 
muscular partition, which separates it from the abdomen. 

The diaphragm consists of three parts, 1. Of a cen- 
tral thin tendon oi'ihe shape of a trefoil leaf, of greater 
breadth than depth, which, although in a degree concave 
downwards, yet may be regarded as spread out hori- 
zontally at the level of the ninth dorsal vertebra, or of 
the lowest part of the fifth rib. 2. Of muscular 
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[db'ived Irom the anterior and lateral margins »!' the 
tendon, which slope downwards to be inserted into the 
ensirorro cartilage and into the inner and lower part of 
tile seven lowest ribs, and are called iJie greater muscle 
ef the diaphragm. 3. Of muscular fibres, which descend 
from the posterior edge of ilie centrum tendinosum to 
the lumbar vertebrie, and are called the lesser muscle. 
The diaphragm gives height by its action to the cavity 
the chest. Under ordinarj- circumstances tlie dJa- 
raised to that degree, dial tlie margin of tlie 

eater muscle is held, except at tlie back part, against 
.tfie six or seven lower ribs, which therefore protect the 
viscera of the abdomen, not those of tlie chest. The dio^ 
pbragm gives passage to diflerent tubes and nerves ; and 
it is remarkable, thai while the oesophagus, the aorta, 
and thoracic dnct pass through muscular apertures, the 
pressure of which they are calculated to resist, the great 
ascending venous trunk passes through an opening in the 
central tendon, with the margin of which it^'sulislance 
is interwoven, so that the vein is held open by the whole 
tonic force of the greater and lesser muscle. 

The abdominal muscles arc the antagonists of the 
diaphragm, which upon becoming relaxed admits of 
being raised by their lateral pressure upon the bowels. 

In the cavity of the chest, thus amply furnished with 
the means of alternate expansion and diminution, arc 
placed the lungs, one on cither side, with the heart be- 



R' A lung Is an oi^an composed of a light cellular flesh, 
fitted to the varying form of the lateral part of the chest 
by its original figure and by its great elasticity, and ad- 
herait by a part of its inner surface, at which blood ves- 
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sels and nerves, lympliatics, and a branch of the wind- | 
pipe, enter. Each lung is covered by a fine transparent ' 
membrane termed a pleura, which is reflected from the 
adherent part or root of the lung towards the sternum 
anteriorly, towards the spine behind; and afterwards 
lines the diaphragm, the ribs, and intercostal muscles, j 

The pleura is oneofa class of parts termed serousraem-" 
branes : these are for the most part closed sacs, one half 
or one portion of which forms the investing tunic of a 
viscus, while the other is attached to the parts adjoining. 
The outer surface of a serous membrane coheres with 
the cellular texture of llie organs, which it covers : the 
inner surface is unattached, and kept moist with a fluid 
resembling die serum of the blood. Serous membranes 
are employed to facilitate the movements of viscera upon 
the neighbouring parts by the interposition of two lu- 
bricated surfaces, and to isolate adjacent organs fraa^ 
one another. Sometimes there is a difference in thi 
character of the visceral and reflected portions of 
rous membrane. In the present instance there is none: 
but the pleura covering the lung is termed pleura pul- 
monaUs, the reflected portion pleura costalis, pleura dia^ 
phragmatica, or pleura pericardiacn, in reference to the 
surfaces it adheres to. That part of each pleura, wMdi 
extends from the sternum to the spine, constitutes the 
septum or mediastinum oi the chest, between the two 
layers of which the heart is contained. 

The substance of the heart is covered with a serous 
membrane termed the pericardium, which is reflected, 
from the great vessels to form the sac, in which the heart 
plays. The reflected portion coheres firmly with the, 
centrum tendinosum of the diaphragm, upon which th<* 
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f Iteart resls : it has great strength, and U divi:>ib]e into 
a thin internal layer, the true continuation of the peri- 
[ cardium covering the heart, and a thick outer adveu- 
I titious membrane. Dr. Baillie met with a case, in which 
I the pericardium was tteficient, and die heart invested by 
I tiie pleura?. The heart is fixed by its base, from whence 
E'jthe vena cava inferior descends through tlie diaphragm, 
F^— the vena cava superior and aorta ascend towards the 
|neck, where their brunches are cUstiibuted, — and the 
\ pulmonary artery and veins extend transversely outwards 
I into either lung. 

The form and dimensions of each lung, while the chest 
is entire, are determined by the atmospheric pressure. 
I A lung is laid out in cells, into which the windpipe opens. 
I ,The windpipe or trachea, continuous tlirough the larynx 
I Irith the fauces, is a tube nearly cylindrical, and about 
I lien lines in diameter, consisting of from fifteen to twenty 
■incomplete rings of cartilage, the deficiency of which at 
lidie back part is made up by transverse muscular fibres, 
I and by an elastic membrane, which serves at the same 
r time to connect each ring with those adjoining it. The 
tube is lined by a vascular and sensible membrane, con- 
I tinned from the lining membrane of the fauces, and 
I termed a mucous membrane tVom the nature of its se- 
[ eretion. Tlie trachea descends from the throat into the 
I chest, and opposite to the third dorsal vertebra divides 
I into two smaller tubes termetl bronchi: of these the 
right is tlie shortest and most capacious; for the right 
' lung is larger than the left, the greater part of the heart 
being placed upon the left side. The left lung is divided 
into two lobes, the right lung into three, by fissures ex- 
tending to the root of each. The bronchus divides into 
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a branch for each lobe; and in the substance of llie 
lung, these brandies, after a few subdivisions, lose all. 
trace of the imperfect cartilaginous rings which belong 
to the first parts of the respiratory tube, and become 
membranous. The branching air-tubes terminate in 
minute cells at every point in the lung, each lobe of 
which is subdivided into innumerable lobules. 

The cells of the lungs, while the chest is entire, are 
always distended beyond their natural limits. The sub- 
stance of the lung is elastic, but its resistance is of no 
eifect against the disproportionate pressure of the atmo- 
sphere. If at an intercostal space the skin, muscles, and 
pleura reflexa be cut through, atmospheric air enters the 
chest through tlie aperture, tl:e lung recedes from the 
ribs and shrinks to a smaller dimension. ■ By this well- 
known experiment the atmospheric pressure is equalized 
upon either surface of the lung, and the organ takes a 
volume determiued by its elasticity and weight. Dr. Car- 
son ingeniously contrived to measure the resistance of the 
lungs in the contracted state of the chest to the at- 
mospheric pressure, by observing the height to wjiich a 
column of water must be raised in order to force air into 
the lungs, after tlie opening of the intercostal spaces, in 
sufficient volume to fill the cavity of tlie chest as before. 
He employed a hollow glass globe, to one side of which 
a tube was let in, that admitted of being securely fastened 
into the trachea of a slaughtered animal ; to the other 
was attached a vertical tube bent near its junction with 
die globe, into which water was jxmred, after opening 
bad been made between tlie ribs. Through the means 
of this apparatus Dr. Carson ascertained that in calves, 
sheep, and large dogs, the resilience of the lungs is 
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balanced by a coltumi of water varying in height irom 
one foot to a foot and a half; and in rabbits and cats, 
by a column of water varying in height from six to ten 
inches*. 

If the lungs were inelastic, but admitted of being gn< 
folded to an indefinite extent on the enlargement of the 
chest, the pressure of die atmosphere upon the inner 
surface of the chest would be the same as elsewhere ; 
but it is clear that in proportion as the lungs have a ten- 
dency to resist the atmospheric pressure, or in other 
words to recede from the pleura rdlexo, the weight of 
the atmosphere must be lessened upon all the parts 
against which the lungs ore applied. Thus it happens 
that the outer stirfiice of the heart is not at any time ex- 
posed to the same degree of pressure with ports external 
to the chest; and that the degree of pressure is yet 

I fiirther reduced, when upon the dilatation of the chest 

I die lungs become further expanded, and their elastic re- 

I Mltency increased. 

The heart is of a conical figure: the septum, which 

I divides its cavities, is disposed nearly in its long axis, 
but gives the apex of the heart to the left ventricle ex- 

I (dusively. The shape of each chamber of the right ca. 
mty is triangular, of the left oval : the contents of each 

[ u% about two ounces. The auricles are of a thin sub- 

I stance; the ventricles are of considerable thickness; the 
muscular fibres of the right auricle are disposed in pa- 
rallel lacerti, prominent inwards, called musculi pecti- 
nati : a like appearance is not seen in the left auricle. 
In the appendage of each auricle the lacerti are reticu- 

' Phil. Trans, vol. M. p. 41, 
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larly interwoven. The external layer of muscular fibres 
in the left ventricle, extends spirally from the base and 
superior longitudinal furrow forwards and towards the 
left, and turning round the margin of the heart reaches 
the longitudinal furrow upon its under surface. The 
external layer of muscular fibres upon the right ven^ 
tricle, extends in a like manner from the base and infer 
rior longitudinal furrow obliquely forwards to tlie supe- 
rior. In the middle layer no regular disposition seetttB 
observed. The lacerti of the inner layer again intersect 
each other reticulariy, without any exact order, except 
that in the left ventricle two fleshy columns, and in tha 
right three or four, project towards the auricle. The 
aperture of either ventricle towards the artery, which 
rises from it, is perfectly smooth. i 

Either cavity of the heart is lined with a thin trans* 
parent membrane, which is readily separable from the 
inner surface of the auricles and ventricles, and is found 
to be continued along the artery, which terminates the 
latter, and along the veins that open into the former. 
This membrane is in a degree firmer and more opake 
upon the left side of the heart than upon the righu In 
the arteries it appears of a more brittle texture than in 
the veins : it is every where in contact with the blood, 
and is usually classed among the serous membranes. 

At the opening of the inferior cava into the right aa* 
ride, the inner membrane is raised along the left margin 
of the vein, so as to form a crescentic fold, which is 
termed the Eustachian valve. By this provbion, useful 
only in the fcetal state, the inferior cava is made to open 
exactly opposite to the fossa ovalis. Muscul; 
often contained in the Eustachian valve. At the opening 
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■ itf the coronary vein, another semilnnar Ibid of mem- 
Fbrane forms a vnlve to gimrd its oblique sperture, and 
[ to preveut the regurgitation of blood from the auricle 
I into the vein. No valve is placed upon the entrance of 
I llie superior cnva into the right auncle, or of the pid- 
imooary veins into the left. 

The valve between each auricle and ventricle is a re- 
Kdupiicature of the inner membrane, thickened by inter- 
Ivening fibrous substance. Its lloatiug margin is irre- 
\ gular, and presents diree points in the right, two in the 
I left ventricle ; whence the former is termed the tricuspid. 
[ tfie latter the mitral valve. The floating edge of the valve 
I IB attached by short tendinous threads, called chorda? 
. tendinea^ to tlie fleshy columns of the ventricle. In ge- 
■a\ each columna camea receives all tlie tendinous 
L chords from the opposite edges of two adjoining points 
r the valve. The valve at its points is about nine or 
I lines in depth, intermediately about live. By the 
ction of the fleshy columns the floating margin of the 
Salve can be drawn together, and the passage closed 
Kfrom the ventricle into the auricle. Tlie margin of tlie 
I Talve is thickened with numerous little granular bodies, 
I called corpora sesamo'idea. 

The valves at the root of the aorta and of the pul- 
monary artery are of a diflferent description ; they con- 
dst of three semilunar folds of the inner membrane at- 
' tached by their circular margin, each along a third oi tlie 
circumference of the artery. They are so disposed that 
when blood issues from tlie ventricle, they are thrown 
up, and lie in contact with the parietes of the artery : 
but upon llie reflux of the blood towards the heart, they 
are thrown down and sacculated, while their floating 
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margins, tbe centre of each of which is slrengtheiied b5H 
3 corpus sesamoideum, meet as tense ctioids, describing 
three radii of the circular aperture of the vessel. Then 
valves are termed the sigmoidal or semiJimar valves of lI 
aorta and pulmonary artery. 

The Iieart is supplied with blood fiom the two coro^j 
nary arteries, which are the first branches of the aorta;' 
it has a large supply of lymphatic vessels, its nerves aro. 
derived from the sympatiietics and nervi vagi. 

An artery is a cylindrical and highly elastic tube ; it^ 
thick texture Is separable into, 1. An inner serous coat^l 
2. A middle fibrous coat, of a yellow colour in the iarg« 
trunks, of a reddish brown in the smaller branches, coin^ 
posed of fibres, which aie disposed transversely, but 
seem in some degree interwoven ; they are very elastic, 
and at the same time so brittle, that the pressure of a 
ligature tied upon an artery cuts through the fibrous t(K; 
getlier with the inner coat; and 3. An outer cellular coatf' 
consisting of tough white elastic fibres closely inter- 
woven, which the pressure of a ligature does not divide. 
Dr. Hales ascertained that the force required for burst- 
ing one of the carotids of a dog, is equal to that of a 
column of water one hundred and ninety feet high. He 
does not remark that the artery became dilated, but ob- 
serves that with this force the artery burst at once. 

A vein is a flexible tube of great strengtlt, but of littla 
elasticity, separable into an inner serous tunic, and a 
dense external coat of white and closely interwoven 
fibres. The inner coat is thrown at intervals into semi- 
lunar folds that occur in pairs, and are attached by their 
convex margins each to half tlie circumference of a vein : 
as the blood flows towards the heart, these valves lie against 
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the sides of the vessel ; upon its refiux ihey are thrown 
down and their edges meet. Valves are not found in 
the vens cavse or in the visceral veins : they are found in 
the iliac veins, in the veins of the neck and head, and of 
the extremities, especially in those which are subcuta- 
^neous. Dr. Ilnles found die jugular vein of a mare to 
burst with a force equal to that of a column of water 
me hundred and forty-four feet high''. 

When an artery divides, the two brnnches liave a 
common area larger than that of the trunk, and in most 
instances diverge at an acute angle ; the same is observed 
of veins. The arterial and venous trunks generally are 
distributed together : liie largest arteries have one ac- 
companying vein, the smaller arteries two. In the necJc 
and extremities a supcrficia) set of veins is added to tliat 
which accompanies the arteries. The area of the venous 
system is greater than that of the arterial, in the pro- 
portion of four to one, according to Borelli. The ratio 
.between the capacity of individual arteries and veins in 
Afferent parts, is very various : between the carotid and 
internal jugular 196:4'41, between the subclavian artery 
ami vein 81:196, between the crural artery and vein 
SS14!:7396, between the aorta and vena cava 9:16, be- 
itween the splenic artery and vein 156:676'. 
' Arteries and veins have their vasa vasorum, and are 
supplied with nerves derived from the sympathetic and 
from the spinal nerves, if not indiscriminately from all 
but the first, second, and portio mollis of the seventh. 

If the chest and pericardium be laid open in an animal 
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immediately iiller death, the heart i!> .seen to contini 
beating, the action of the auricles and ventricles to 
ternate, the two auricles to be simultaneously relaxed at 
one moment, the two ventricles at the next The pas- 
sive state of each chamber of the heart is termed its di- 
astole, the contrary state its systole. 

During the systole of the ventricles, blood expelletlj 
from their cavities and thrown into the arteries urgecj 
on that betbre contained in either arterial trunk, and 
its branches, in the capillary vessels, and in the veini 
towards the auricles of the opposite side of the hei 
During the succeeding diastole many forces continue 
operate, which tend to diminish tlie area of the vascuh 
system : and as the blood is prevented returning into the 
ventricles by the semilunar valves, they serve to propel it 
towards the auricles. These forces consist in the elas- 
ticity of the arteries themselves, in the compression 
suiTounding elastic organs, in the contraction of muf 
cular parts, in the pressure of the atmosphere. 

Various causes combine to give effect to these forci 
in filling the auricles with blood, which operate by takii 
off or diminishing the atmospheric pressure upon their 
outer surface. The auricle during its diastole sponta- 
neously expands; die elasticity of the lungs constantly 
lends to draw asunder the walls of the auricle; and at 
the time of each inspiration, while the area of the chest 
is enlarging, the heart is probably relieved of external 
atmospheric pressure in the same manner as the lunj 
although in a less degree. 

The spontaneous expansion of the auricles is perha] 
of no great effect j but of the three causes assigned to 
facilitate the entrance of the blood into their cavities, 
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this is apparently ihe only oiie in operation (iuring t)i« 
Icelal state, or when the circulation i§ kept up, after lay- 
ing open the chest, by means of an artificial respiration. 
The extent to which tlie elastic resilience of the lungs 
contributes lo diminish the atmospheric pressure upcn 
the outer surface of the auricles, is shown by the exp^ 
riraents of Dr. Carson, which have been already de- 
tAiled; but its effects are perhaps more strikingly illus- 
trated by subsequent researches of tlie same author. It 
has always excited surprise that the arteries are conipo- 
ralively empty after death, and that the blood accumu- 
lates exclusively in the veins and in the heart. In i-x- 
^^ pectattun of elucidating this phenomenon. Dr. Csrsou 
j^^ufeilJed a dog by opening both sides of the chest The 
^^Bjwdy when subsequently examined, seemed everj- where 
^^Mbmsually turgid with blood, the membranes appeared 
^^Ke if injected, the muscles bled when divided, and there 
^^Hlrere coagula of blood in the arteries'". But these un- 
common appearances were prodnced by equahzing before 
the circulation ceased, tlie atmospheric pressure upon 
the mucous and serous surfaces of the lungs; or in other 
-Words, by preventing the suction which the resilience of 
lungs usually proihices after death, and which this 
riment pi-oves to be a cause sufficient to account for 
le empty state of arteries observed on dissection. 
The effect of the dilatation of the thorax on the cir- 
ilationoftheblooil, has been recently placed in a strong 
light by the experiments of Dr. Barry. One of these 
experiments consisted in tying the jugular ve'm of a 
■se, and inserting into the vein on tlie side open to- 
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wards the heart, a flexible tube communicating with 8 
spiral tube of glass, which stood in a vessel of coloured 
water. Each time that the animal inspired the fluid 
was seen to ascend in the spiral tube'. But it remains 
problematical whether this phenomenon be independent 
of the resilience of the lungs. For if we admit, that were 
the trachea closed and the chest to be dilated, the at- 
mospheric pressure being taken oft" the heart, and ope- 
rating without resistance upon the veins of otlier parts, 
would drive their contents towards the right auricle; yet 
in natural breathing the trachea is open, and permits 
the air to occupy the cells of the lungs, as promptly as 
the chest enlarges; so promptly, perhaps, as but for the 
resilience of the lungs to keep up a pressure upon the 
outer surface of the heart, equal to that which the air 
exerts through the column of blood in the veins upon its 
inner surface. 

The question might be set at rest in the following 
way. Suppose that in an animal prepared for the pre- 
ceding experiment, a closed tube were let into either 
pleura calculated to allow of the entrance of air as 
readily into the serous cavity, as it naturally pa&ses 
into the bronchi, and that a stop-cock were fastened 
into the trachea. Upon closing the trachea by turning 
the stop-cock, and opening the tubes let into the pleurie, 
the animal would continue for a time to move the chest 
as in breathing, and the coloured fluid would or would 
not rise in tlie spiral tube connected with the jugular vein 
at each eflbrt at inspiration. If the fluid should remain 
at rest, its rise in the former experiment would be show 
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|ito result from the resilience of the lungs: if it should 
e Id the spiral tube, Dr. Barry's explanation of tlie 
t phenomenon would prove to be correct. 

But in whatever way jt operate, cert^D it is that tlie 
L influence of the state of the tliorax ujxtn the circulation 
I )> felt at every part of the system. During expiration, 
• in other words when the area of the thorax is di- 
Ltoinished, the course of the blood is seen to be retarded 
|ili the superficial veins of the neck: the brain, if an 
^^ipening has been made in the cranium, is observed to 
1 be lifted up ; blood flows in a stronger gush from a di- 
I vided artery, and even from a vein that, after liaving 
L been lied, is punctured on the side remote from the 
\ faeart'. 

. The aiirideii, being thus filled with blood through the 
I {pfluence of various causes, contract : the area of each 
I being diminished, the blood is partly thrown bock upon 
Btfae veins, and by its reflux from the right auricle pro- 
B^ces a pulse sometimes visible in the internal jugular 
reins of thin persons, — In part enters the ventricle, which 
I epontaneously dilates to receive it. 

, The auricles then become relaxed, and the ventricles 
I act, and drive back upon the auricles the blood situated 
E>ehind their valves, the tricuspid or the mitral : and it 
is wortliy of remark, how completely tlie elements of 
the blood must become blended together, as the stream 
jQjst rushes into each auricle, then is in part thrown back 
into the veins, is again carried into the auricle, and then 
thrown upon the ventricle ; is again in part thrown back 
I mto the auricle, and at last reaching the interior of the 




68 Motion of the Apex of the Heart, 

ventricle and driven along all the irregular channel* 
hollows of its surface, is eventually propelled into thftl 
artery. 

At tlie moment when the ventricles act, the apex of th( 
heart is thrown forwards against the side of the chesi 
Various solutions have been proposed of this phenom©i' 
non ; of which the most ingenious attributes it to the bxf* ■ 
tension of the curve of the aorta upon the rush of blood 
from the left ventricle. But it is tjuestionable whether 
the cause supposed would produce the effect which it is 
employed to explain ; and it is certain that when its in- 
fluence is wholly removed, the movement of the apex 
of the heart may take place as before. If the heart of 
a dog recently killed, while yet palpitating, be placed 
upon a table, the apex is observed to be lifted up at each 
contraction of the empty ventricles. In this instance it 
is obvious that the movement of the apex of the heart 
must either depend upon the direct action of the exte- 
rior fibres of the ventridc, which tend when the base of 
the heart is fixed (as on this occasion by its weight alone) 
to raise the apex, or be indirectly produced through the 
reaction of the surface, upon which the heart rests when . 
contracting. | 

The force, with which the different chambers of the 
heart contract, is not easily computed. But the capital 
experiments of Hales throw considerable light upon tliis 
question, and furnish an approximation to the average 
pressure upon the blood during 'the systole of the left 
ventricle. In some of the experiments of Dr. Hales, 
tubes were inserted into the arteries of living animals, 
and the height observed to which the blood ascended in 
them. In a glass tube a sixth of an inch in diamet^ 
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r £xed into the crural artery of a mare, the blood rose 
r fflglit feet three inches above the level of the left veiiti icl« 
1 of tlie heart; but it did not attain its full height at once: 
I it rushed up about half way in an instant, and afterwards 
t liraduallyat each ]nilse, twelve, eight, six, four, two, and 
I sometimes one inch: when it was at its full height, it 
K^ouid rise and fall at and after each pulse two, three, or 
Kfimr inches, and sometimes it would fall twelve or fourteen 
Einches, and have there for a time the same vibrations ii|> 
I and dovm, at and after each pulse, as it liail whuu it was 
[ at its full height, to which it would rise again after forty 
r fifty pulses. When the glass tube was taken away, 
I the greatest height of the jet of blood was not above two 
I feet. Horses were found to expire when after continued 

■ iemorrbage the blood stood only at two feet in the tube. 
[Jpon a measurement of the area of the left ventricle, 

I and comparing it with the height at which the blood 
lotood in tlie tube in the preceding experiment, Dr. Hales 
Bifoncludes that the pressure of the blood, which tlie left 
R*entricle of the horse sustains at the instant, when it is 
I K°'"S ^ exert a contractile force sufticient to propel it 
I with considerable force into the aorta, is 113.22 pounds. 
" If we suppose," observes Dr. Hales, "that tlie blood 
■■would rise 7i feet high in a tube fixed to the carotid 

■ ftrtery of a man, and that the internal area of tlie left 
{ventricle of the heart is equal to fifteen square inches, 

these multiplied into 7i feet, give 1350 cubic inches of 
blood, which press upon that ventricle when first it be- 
jpns to contract, a weight equal to 51.5 poands''.^ 
. The alternate action and relaxation of the muscular 
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in the diaphragm, to Jcpend upon a series 
transmitted from the brain or spinal chord. If the heart 
be taken irom the body of an animal immediately after 
death, — if the blood be carefully washed from its internal 
surface, — if at the transverse furrow the auricles be se-^j 
parated from the ventricles by a clean incision, the ai*-] 
ternate states of action and relaxation contume to suo* 
cced each other in each part as before. For the brief 
period, during which it is reasonable to suppose that the 
heart retains its perfect organization, no stimulus seems 
required to excite it to contract. The alternation of 
action and repose seems natural to it, or to be the result 
of its structure. 

It is remarkable that if the heart yet beating 
placed in warm water, it continues to act more briskl 
and for a longer time than if exposed to the air 
that if water be injected into its blood vessels, its fl( 
becomes pale and swollen, and after two or three beate 
hardens permanently ; and that if its fibres be trans- 
versely cut through, their action is stopped at once. 

In the former instance the heart is placed under cir- 
cumstances, which partially correspond with its state in 
the living body. With a little contrivance every in- 
fluence to which it is habituated during life, excepting 
that of the nervous system, may for a short space after 
death, be kept up upon tlie heart. TTlie researches of 
Mr. Brodie have successfully elucidated the phenomena 
which ensue upon sustaining in dead animals an artificial 
respiration, extending to some very curious results pre- 
sendy to be noticed, respecting secretion and the source 
of animal heat, the original experiment of Vesalius and 
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of Hooke. If the chest be alternately itiflsted with aud 
emptied of atmospheric air, the blood which pnsses 
through the lungs regains a florid hue, liie heart's action 
I does not sink as when black blood is contained in both 
I its cavities; and a complete circulation of the blood may 
I be preserved for the period of two hours and a half uller 
I death''. Under other circumstances the heart's action 
I flags, and ceases in from five to ten minutes after ap- 
[ |mrent death. The preceding phenomena were observed 
[ vhen the head had been removed afler tying tlie vessels 
I in the neck. Dr. Wilson Philip found that in warm- 
blooded animals ti»e circulation might be kept up after 
I death by means of artificial respiration equally well, 
I vhether tlie brain and spinal chord bad been left or re- 
I .moved; and that in frogs it spontaneously continues for a 
I considerable period after the some degree of mutilation'. 
I^olffi, it is tiiud, are occasionally developed in tlie uterus, 
Mrhieh have neither brain nor spinal marrow, in which, 
nievertbeless, a circulation lias existed. 
m But wlille the fact appears thus established, that the 
F heart does not need a specific irritation through the 
[ nerves to cause it to contract, it must not be lost sight 
L of that die brain and spmal chord influence remarkably 
the frequency and vigour of its action. How promptly 
mental emotions affect the heart, is too familiarly known 
to need illustration. The effect of physical impressions 
upon the brain and spinal chord is not less decided. 
The experiments of Le Gallois, and die more diseruni- 
nating researches of Dr. Wilson Philip, sufficiently prove 
this assertion. When spirit of wine was applied to the 
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surrace of the brain in a stunned rabliit, or to the cer-. 
vical or dorsal part of the spinal chord, the heart was. 
observed to beat more quickly than before: this effect 
gradually subsided, and the heart beat again as at firsL 
When an infasion of opium was employed, the heart's 
action was found lo be at first rendered stronger, then 
became enfeebled ; but on washing off the poison tlie 
heart recovered itself On crushing suddenly a large 
portion of the brain or spinal chord in a rabbit with a 
steel instrument, the heart's action was observed to be 
immediately enfeebled, if not stopped entirely. Oa 
crushing the brain of a frog, the heart was observed toi 
perform a few quick and weak contractions ; it then be- 
came quite still for about half a minute: after this its 
beating returned, at first imperfeclty, but in ten minutes 
afterwards it was sufficiently restored to support the cir- 
culation, but witli less force than before tlie destruction 
of the brain. The spinal chord was then crushed at one 
blow; the heart again beat quickly and feebly for a few 
seconds, and [hen seemed entii'ely to have lost its power 
of acting. Dr. Wilson Philip remarked that tlie heart's 
action in the8e experiments was rendered quicker or 
slower, stronger or more feeble, but never rendered ir- 
regular''. 

The heart of an adult appears to perform from seventy 
to seventy-five beats in n minute; in infants of two 
years of age, a hundred ; at an earlier age the pulse is 
yet more frequent ; at puberty about eighty; towards old 
age the heart acts at longer intervals, and the pulse does 
not exceed sixty in a minute. 
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Diminished Velocity of Blood in the Veim. 73 

The quantity of blood in the body of an adult is esd- 
lated on an average at from thirty to forty pounds : be- 
tween one and two ounces are supposed to be projielled 
at each contraction of the left ventricle into the aorta, 
with a velocity of ]20 feet in a nunute; and as the con- 
traction of the ventricle occupies a third only oF the pe- 
riod from one systole to anoilier, the mean velocity oi' 
the blood in the aorta may be computed at eight inches 
^K^ a. second ', 

^^B- The force, with which the blood is propelled, appears 
^^Mmployed In overcoming the friction of the innumerable 
^^KCHpillary tubes which it traverses. In tlie cajiacious 
^^Ktbhous trunks tlie blood moves slowly onwards in an 
^^Bequable stream, and witJi an impulse so moderate, as to 
^^nise in a vertical tube, according to the experimeiitii of 
^^^Holes u])on the horse, to the height of six inches only. 
In the smallest arteries the flow of the blood per saltum 
ap|jears to be lost, — a phenomenon which is included 

I under the following general proposition in mecltanics, 
j^t nn intermittent motion may be changed into a con- 
^uous motion by employing the force, which produces it, 
tp compress a spring, the reacUon of which is constant '". 
. From the preceding details, the motion of the blood 
vould seem to be entirely derived from the action of the 
heart. But there are animals in which a circulation 
seems to take place that have no heart, and the mola, or 
imperfect buman fcetus, sometimes attains considerable 
' with a circulation carried on by arteries and 
IS alone. Mr. Brodie examined a fa:tus of this de- 

' Young's Medical Literati're, p. 609, 

"' Mttjeadie. Element de Pbystologie, tome ii. p. 3SS. 
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scription, born as usual a twin ; it had grown to the. 
lieight of thirteen inches; and although many orgaiWl 
were deficient or malformed, yet the bram and spinsl 
chord appeared to be complete; tlie principal parts of 
the abdominal viscera were found, and the body had 
nearly the natural form. The umbilical chord contained 
a vein with a single artery, the structure of which seems 
to have presented nothing unusual. The vein opened 
into the vena cava, from which branches passed to evei 
part of the body : the artery opened into the left intemi 
iliac, from which was derived an aorta, having no arclr 
at its upper part, but terminating in branches to the 
head and arms. No communication existed betweoi 
the trunks of the arterial and venous systems, and we 
must suppose that the blood was returned from the 
placenta along the artery, was distributed through its 
branches to every part of the body, was conveyed bai 
by the veins of the body to the umbilical vein, 
thence to the placenta again". 

In this and similar cases, it is presumed that motioi 
hmited to one direction by the valves in the vent 
system, is given to the blood by the contraction of the 
arteries and of the capillary vessels. Upon a like sup- 
position the fact has been explained, that al^er the re- 
moval of the heart if transparent parts of the body be 
examined in a microscope, the blood is seen to fiow tor 
a time in the minute vessels. But little is known of the 
nature of the capillaries: their existence is only a matter 
of inference ; the globules of the blood are seen traversing 
the web of the frog's foot in single tiles, and are supposed 
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Ktb move in tubes of a similar nature to the aiterics. 
I These chanaels are capable of enlarging, and of ad- 
L ButUng more blood at one time than at another. If on 
L irritant, as diluted liquor ammonia!, be applied to the 
I web of the frog's foot, the surlace becomes for a few 

■ Kconds lighter and more transparent, as if tlirougli the 
■eontraction of its vessels : presently after, the small ves- 
Bsels become dilated, the blood flows more slowly through 
I fiiem, and here and there its course b entirely arrested: 
I bathed with cold water, the part slowly recovers itself, 
T and the vessels contract, A particle of dust resting 
1 within the eyelids, produces in a few seconds an appear- 
[ ance of a fine vascular network upon the white part of 
I the e^'e ; it is supposed that this results from the sudden 
I dlargement of vessels, which were before too minuic to 

■ lie coloured. But more is known by direct observation 
I of the properties of the larger arteries, and the pheno- 
I tnena of the capillary drctdation are only to be sxplained 

■ iiy reasoning upon analogy. 

The first phenomenon which attracts attention in tlie 
larger arteries of the body, is their sensible pulsation ; 
it is synchronous with the action of the left ventricle, and 
results from the rush of blood into the aorta. The ve- 
1 locity of n pulsation, according to Dr. Young, is sixteen 
feet in a second" ; and consistently with this estimate, 
the throb of the arteries appears to be simultaneous in 
every part 

In a curved artery, as for instance in the temporal, 
I the pulse is visible; the artery, if not elongated at each 
■<ystule of the left ventricle, is moved from its place, to 

Voung's Medical Ltteretare, p. 60S. 
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Of the At-io-ial Pulse. 



which it returns during the succeeding diastole. But U 
a straight artery be examined, as for instance tlie commoir 



carotid when 



expose 



a the neck of an ass. 



whatever oi; change of figure is distinguishable, as long 
as the animal remauis free from alarm or suffering. 
And in order to perceive the pulse, it is necessary, 
Dr. Parry observed, to indent with the finger the artery, 
so as to oppose it to the rush of blood. 

M. Majendie mentions that the aorta is visibly dilated)] 
at each systole of the left ventricle, and that the sanii 
change may be shown in the crural artery by the fol- 
lowing experiment. If a ligature be passed behind the 
crural artery and vein round tlie thigh of a dog, and 
drawn tight, so that the circulation be sustained tlirough 
the two crural vessels alone, upon compressing the artery 
between the finger and thumb, it gradually contracts on 
the side remote from the heart; but upon removing the, 
finger and thumb, the artery quickly becomes again dis- 
tended with blood, and at each pulse is visibly dilated. 

The preceding appearances in arteries, admit perhaps 
of bemg referred to the acknowledged elasticity of their, 
textures. But on other occasions partial changes 
observed in the cafibre of arteries, while the pressure of 
the circulation is equal upon every part which seem to 
result from another principle, which can be produced by, 
blind physiological experiments, or occur in tlie order, 
of nature for definite and important objects. 

Mr. Hunter observed that when a large artery, as for 
instance the crural artery of a dog, has been exposed,i 
for some time to the air, its diameter becomes gi-aduaJly 
dimmished. Dr. Pari'y observed further, that if a h- 
gature be thrown round an exposed artery so as merely 
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I to lie in contact with its surface without the koot being 
dratrn, the vessel contracts where the foreign body 
touches it, but preserves an equal area upon either side 
of the ligature. When a portion of an artery is removed 
I from B living animal, it slowly contracts during the first 
k minute or two to less than half its first diameter. If ti 
I large artery ta the living body, as for instance the oa- 
I fotid in an ass, or the crural artery of a dog, be rubbed 
I for half a minute between the finger and thumb, its 
I diameter at the part so treated becomes half as large 
r again. Upon cutting out a portion containing the di- 
l Isled part, the whole contracts pretty equably ; and on 
I slitting it longitudinally, the pressure appears to have 
I produced no ecchymosts in, or injuiy to, the internal 
I coats of the vessel- 
Hemorrhage from a small artery, that has been di- 
vided, becomes slackened in a short time ; and before it 
1 be supjjosed that faintness, a languor of the circu- 
■&tion, and the coagulation of blood around and in the 
ktirifice of the vessel, can have taken place. The spon- 
Itaneous stopping of arterial hemorrhage seems to occur 
I more readily in animals than in human beings. If in 
L«l experiment upon a horse or ass a muscular artery of 
. the size of a crow-quill be divided, and the subsequent 
changes watched, the jet of blood is seen to diminish 
gradually in volume, and the distance to which it 
is projected becomes less and less ; at length the blood 
merely trickles over the adjoining surface, then but 
slightly oozes, then stops. The first changes in this 
series obviously result from the contraction of the ex- 
tremity of the divided artery. Cold, which has so re- 
markable on effect in producing contraction of the skin. 
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accelerates the contraction of an artery. Warjnth andl 
moisture, which relax the skin, encourage the continuuice!! 
of hemorrhage. 

When the main artery b tied in a part, the blood 
finds its way more freely than before through collateral 
vessels, the branches of which anastomose. If the facts 
which have been previously stated are sufficient to show 
that arteries in warm-blooded animals are ordinarily ir- 
ritable parts, it is easy to account for the prompt en- 
largement of the anastomosing vessels in the present in- 
stance. We have but to suppose that the usual resist- 
ance of the vessels to the flow of blood is diminished by 
a relaxation of their tunics, the final cause of which is 
as obvious as the physical cause which determines it i( 1 
obscure. > I 

On some occasions blood is found in particular parts i 
in larger quantity than usual. Upon examining the 
uterus and ovaria in a rabbit killed when al heat, 
Mr. Cruikshank found these organs turgid and black 
with blood ; when injected with siae and vermilion, they 
were rendered much redder than usual. The capillary 
vessels had become enlarged, and admitted more of the 
coloured particles than before. The flushing of the 
countenance is probably produced in the same way with 
the local determination of blood in the preceding in- 
stance. The simplest explanation of both cases is to 
suppose the vessels irritable parts, that are relaxed, when 
a larger draught of blood is required at any part. The 
hypothesis of a sudden constriction at any part of 
the capillary system, as tlie cause of the dilatation of the 
vessels on the side next the ventricle, may be considered 
untenable, since it is opposed to analogy. If a large art«ry 
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r be tied, it does not become more capacious on the side 
[ next the heart. 

The opinion, that the flow of blood in increased (juan- 

[ ti^ to a part results from the relaxation of its small ar- 

l teries, is remarkably confirmed by what is noticed re- 

Ll9)ecting the larger vessels, wherever local action &e- 

L^eutly occurs, or happens to exist for a considerable 

Kriod. The arteries of such parts become elongated 

md tortuous. This is the character of the arteries 

tlie testis, of the uterus, of the mammee towards 

e latter period of and after utert^station, of the fece 

f and temples. The latter instance, perhaps, requin-s an 

L explanation to show its coincidence with the three former. 

1 a child the temporal arteries are straight; in pro- 

tortion as life advances they become more and more 

bortuous; but as life has advanced, tlie sources of pas- 

man and excitement have multiplied, and the face has 

l^ushed and burnt, and the temples have throbbed witli 

-sn increased fiow of blood on countless occasions. It 

remains to show in what manner the tortuous ibrm of 

arteries is consistent with the explanation of local action 

^ which I have advanced. 

We may presume that an artery at the average tone 
f arteries would be affected in the same manner by an 
musuatly forcible contraction of the left ventricle, as a 
ixed artery under the ordinary pressure of the blood. 
L The former case is easily obtained. It has been already 
mentioned that the carotid artery laid bare in the neck 
of an ass lies without apparent change, when tlie animal 
becomes composed. But if the animal be alarmed, as 
by holding its nostrils for a few seconds, the heart acts 
violently, and the carotid artery leaps from its place and 
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becomes elongated and tortuous at each stroke of thi 
ventricle. It follows that if the coats of the same ves! 
were specially rclaiced, a like phenomenon would ensuej 
during the ordinary action of the heart. But if anarterj 
were frequently lengthened and rendered tortuous, it 
analogically certain that it would grow to this sh 
and become permanently of the tigure thus accideni 
given to it. 

It appears, therefore, that the phenomena of local ac- 
tion whether in large or in small arteries are equally 
referable to one cause, the spontaneous relaxation of the. 
coats of these vessels. But where local action exist; 
veins likewise become tortuous. Let us inquire whethei 
this circumstance may result from the same cause. 

It is not likely that veins are irritable ; the eflect 
their valves, which act by their mechanical adjustmi 
to a given area, would be defeated were this area 
capable of enlargement, 
• What are termed varicose veins are tortuous and di 
lated veins. They are frequently observed below the in-i 
teguments of the thigh and leg. No doubt is entertained- 
that the veins of the leg often become varicose through 
the pressiu'e of the column of blood in the descending 
cava, which by a gradual process of dilatation renders 
each pair of valves in succession useless. The same 
pressure, which gradually dilates the veins, naturally 
tends to elongate them. Pressure, then, upon the inner 
surface of a vein, tends to enlarge and elongate it. 

Varicose veins of the legs are again produced by 
ligatures tied below the knee ; the superficial veins are 
in this instance observed to be continually swollen, and 
gradually to become tortuous as If knotted. The swollen 
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state of tbe veins shows the internal pressure to which 
they are subjected: but tliis internal pressure is the 
force of the blood propelled from the lefl ventricle. 

Now by our hypoUiesis, the blood during local action 
would arrive in the veins through larger channels than 
before; its force therefore would be less broken; its 
pressure would be increased upon the veins. But in- 
creased pressure upon the inner surface of the veins 
has just been shown to enlarge and elongate thetn ; and 
thus the state of the veins in parts subject to local action 
tends to support the theory which I have advanced. 

Blood is not returned to the heart so readily from a 
dependent part, as from parts whence It has to descend. 
The circulation in the lower evtremiu'es always appear* J 
more sluggish than in the upper part of the body. 
the hand be held up, it becomes whiter and less in bulk; 
if it hang down, it becomes swollen and tlarker. In the 1 
one case the weight of the blood favours its return by , 
the veins to the heart ; in the other case its weight ts 
opposed to its ascent along the veins. The veins of the | 
lower extremities have coats as thick as those of arteries: 
the aiteries are perfectly straight, in order that there may | 
be no unnecessary waste of the impulse derived from tha J 
heart. 

The arteries distributed to the human brain are four | 
in number, the two internal carotids and tbe two vei^ i 
tebrals. The brain is an organ of so slight and delicate 
a texture, as to suffer more readily than any other fi-oni 
an unusual force of the blood in the arteries, or from its 
accumulation in the veins. Accordingly in some animals, 
as for instance in the common ox, the carotid artery, 

in entering the skull, divides into many branches, 
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which subsequently re-unite and form a trunk, in which 
the force of the blood must be greatly diminished* This 
contrivance is termed the rete mirabile. In human beings 
another provision is employed : each of the four arteries 
of the brain is bent twice at an abrupt curve just before 
or after entering the cranium. As less pressure is neces^ 
sarily made upon the vessels beyond these curves, the 
arteries of the brain are formed consistently with the 
oeconomy of Nature of much thinner coats than arteries 
of the same size elsewhere. 

The veins of the brain, instead of collecting into large 
trunks continually varying in their degree of distension, 
open into cylindrical or triangular canals in the dura 
mater, which are termed^nuses, and terminate after cir- 
cuitous routes in the internal jugular vein of either side. 
The sinuses of the dura mater are formed of materials 
so dense and so stricdy adherent to the^ cranial bones, 
that they^ can at no time materially alter in dimension* 
The oblique entrance of the veins of the brain into the 
sinuses, the undilatable nature of the latter, their long 
and vnnding OMirse, tend greatly to prevent the reflux 
of venous blood upon the brain, when its entrance into 
the chest is impeded. 
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8* Structure of the Lungs. 

from a subject about fifty years of age, their rorm seemed 
not to be as regular or iinifotm as in the preceding in- 
stance: their size varied from j'^ to y'jy of an inch. The 
extent of the internal surface of the lung is relatively less 
in proportion as the air-cells are larger and less numerous. 

The pulmonary artery divides into a biancb to each 
lung, which subdivides into branches for each lobe, and 
for each lobule of a lung. Tliese vessels are accom- 
panied by similar ramifications of the pulmonary veins. 
In the root of each lung the artery with the veins before 
and below it extends transversely outwards. The bron- 
chus descends obliquely behind the blood vessels. If 
coloured water be thrown into the pulmonary artery, it 
passes into the pulmonary veins, and in part escapes into 
the bronchi. In the lung of the turtle the air-cells are 
remarkably large and irregular in their figure; and aJter 
a successful injection their surface is found to be red- 
dened with capillary vessels coiitaining size and ver- 
milion. In the lung of a frog the course of tlie blood 
in single files from the arteries into the veins may be 
seen with a microscope. The flow of the blood through 
the lungs may be considered easier than in any other 
part of the body, in as ikr as the atmospheric pressure 
upon the vessels is counteracted to a trifling degree bj 
the resilience of the texture of the lung. 

Each long receives two or three vessels from the 
teiTued bronchial arteries, which are distributed 
the bronchi. The pulmonary nerves are derived from 
the nervi vagi, which pass behind the root of each lun^ 
and throw a plexus of branches round it: their final 
distribution lias not been traced. The lymphatic ves- 
sels from the substance and superficies of the lungs ara_ 
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received into a vast number of conglobate glands disposed 
around tlie bronchi and Uie bifurcation of tliu Iracltea. 
Thejf are remai'kable for their black colour, which in- 
creases with age. The lung itself) of a pink colour in 
infancy, gradually becomes mottled with blac};. The 
dark hue in each case is supposed to result from carbon ■ 
disengaged in the substance of the lungs. 

Through the windpipe atmospheric air finds its mty 1 
into the celts of the lungs : it is inhaled at the instant I 
ftfter birth, and is continually changed and replaced by ' 
fresh draughts through the operation of muscles, which 
alternately expand and contract the cavity of llie chest 
as long as life remains. If the lungs were inextensible 
and of a sufficiently firm texture, and die muscles whidt J 
enlarge the chest were to act with unlimited forces a rxl 
cuum would be formed between the pleura pulmonalis 
and the pleura reflexa at each attempt to inspire, and 
no air would enter the lungs. But as the lungs are 
readily extensible, atmospheric air rushes into and di- 
lates llieir cells in exact proportion to the expansion of 
tlic area of the chest, and holds the two surfaces of the 
serous membrane in strict contact: — yet the same points 
are not always in apposition : when the chest enlarges, 
the surface of the lung during its expansion slides upon 
the pleura reflexa, as is shown by the elongation of the 
shreds of lymph by which the two layers of pleura are 
often found joined together after inflanimation. 

The passage of air into the lungs is so free, that the 
muscles which dilate the chest are not opposed by the 
aUnospheric pressure in a greater degree than those 
which move the limbs; but they have to overcome the 
resilience of the lungs, the elasticity of the abdominal 
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parietes, and the resistance of the joints ol' the ribs, 
which all favour the state of expiration. 

The term breathing or respiration includes both the 
mechanical operation ofrenewing tiie air within the lungs, 
and the changes to which its presence there contributesj 

Tiie mechonisni, by which the chest admits of bein|f 
alternatel)) enlarged and diminished, has already been 
described: every provision which it contains is em- 
ployed in a greater or less degree at every repetition of 
breathing. The diilerence between a moderate and a 
deep inspiration is in the extent only, to which the dia- 
phragm and the muscles that elevate the ribs contract. 
But it may be observed, that for the fullest enlarge- 
ment of the chest, the scapula and clavicle are raised 
and carried backward by the trapezius, levator scapulie, 
and rhomboid muscles, so as to give greater e6ect to 
the action of the serratus magnus and pectoralis minor; 
and that to yield a freer passage to tlie air, the nostrils 
are dilated, the larynx descends, and the rima glottidis 
is enlarged. During each expiration the rima glottidis 
is narrowed. Ordinary breathing lakes place between 
the limits of forceil inspiration on the one hand, and 
forceil expiration on the other. 

Numerous experiments have been made lo ascertain 
the tiuantily of air alternately drawn into and thrown out 
of the chest, in ordinary brealbing. Those of Dr. Men* 
iiies, which coincide nearly in tlieir result with the re- 
searches of Jiirin and Fontana, are commonly esteemed 
de&ervuig of credit; but they differ remarkably from tlie 
observations of Sir H. Davy and of Messrs. Allen and 
Pcpys. Differences in the relative size of the thorax ui 
difierent persons, a difference in the frequency with 
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Eirhich breathing is performciJ, and perhaps other caose» 
~|iaBy have combined to produce this discrepancy. The 
■frequency of respiration ranges between fourteen and 
B|veiity-seven times in a minute, but appears commotily 
D be from seventeen to twenty. 

Dr. Menzies employed two processes in estimating 

Ae quantity of air habitually inspired. A healtliy man 

nfive feet eight inches in height, and somewhat more than 

three feet about the chest, stood immersed in warm water 

to above his breast, in a vessel which narrowing at the 

upper part allowed of an accurate estimate of the level 

^Id which the water alternately rose and lell while he 

iatlied. His pulse both before and after immersion 

: sixty-four or sixty-five, and his respirations were 

lurteen or fourteen and a half in the space of a minute; 

i they continued tlie same during the two hours and 

liwards Utat he remained in the vessel without sufiering 

K>nvenience. The quantity of air thrown out at each 

Ks^iration averaged at 4^6.76 cubic incheii. The same 

person afterwards was employed to fill a cow's allantoid, 

a membranous sac well calculated for such a purpose, 

by repeated expirations. The allantoid was found to 

mtain 2700 cubic inches of air, and was filled in many 

Itials with fifty-eight expirations, which gives ^6.55 

lubic inches as tlie quantity of air expired each time. 

le trials repeated upon a man five feet and on 

liacli in height, whose pulse beat seventy-two, and the 

number of whose respirations was eighteen In a minute, 

gave from tliirty-eight to forty cubic inches as the measure 

r a common expiration. Repeating the experimeut 

mself, Dr. Menzicb filled an allantoid containing 
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2400 cubic inches by about fifty-six expirations, giving 
42.8 cubic inches as the average quantity of each ; and 
found that he exhausted the allantoid, when previously 
filled with atmospheric air, by an equal number of in- 
spirations'. Sir H. Davy estimates the quantity of a 
single inspiration at thirteen or seventeen cubic iudiea^ 
Messrs. Alien and Pepys at sixteen and a half; Mr. Ki 
at seventeen ; Mr. Abemethy at twelve. 

Dr. Menzies observed that many individuals w< 
capable by a forced expiration of throwing out an 
ditional seventy cubic inches ; and that the difier^ii 
between an extreme inspiration and an extreme ex| 
ration often exceeded two hundred cubic inches. Ti 
lungs after death under ordinary circumstances are 
probably reduced to the same compass as by a forced 
expiration during life. Messrs. Allen and Pepys found 
that the lungs of a stout man about five feet eight inches 
high after death contained nearly one hundred cubic 
inches of air. Of this quantity 31.58 cubic inches were 
expelled by the resilience of the lungs upon opening tl 
thorax ". 

Dr. Bostock estimates the quantity of air, which may 
be voluntarily expelled from the lungs after an ordinary 
expiration, at 160 or 170 cubic inches, from trials made 
upon himself and others. Adding to this quantity 120 
cubic inches for the residual air in the lungs, he supposes 
290 cubic inches to be the entire contents of the lungs 
in their natural state, to which about forty c 
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[ more are added by an ordinary iospiration. According 
I to this calculation, ^ of tlie whole contents of the lungs 
is changed by each respiration '. 

Atmospheric air consists of seventy-oine parts a{ m- 
\ trogen and tweiity-one of oxygen. A small proportion 
Lof both elements, which has been variously esti nutted **. 
i ia found to have disappeared at each expiration : but this 
I phenomenon loses interest when compared witli the 
I eurious drcumstance, that a disproportionate quantity of 
\ oxygen has disappeared, and has been nearly or coni- 
[ pletely replaced by carbonic acid. In the elaborate ex- 
periments of Messrs. Allen and Pepys, from 8 to 8.5 per 
cent of carbonic acid were observed to be produced by 
esch respiration. When the breathing was more rapid 
P than usual, a larger quantity of carbonic acid was emitted 
I in a given time, but the proportion at eacli expiration 
^ remained the same. Tiie proportions of carbonic acid in 
1 -the first and last portions emitted aflera deep inspiration 
■ differed as widely as from 3.5 to 9.5 per cenL On an 
1 average it appeared that about 27.5 cubic inches of car- 
' boiiic acid are produced per minute, or 3953i in twenty- 
four hours; a quantity which contains about eleven 
ounces troy of solid carbon*. 

If a series of experiments conducted with great skill 
and caution, and leading to a theory the most simple, 
were sufficient to determine a question in physiologj', 
the researches of Messrs. Allen and Pepys would set at 
I rest every doubt respecting the changes produced in the 

' Bostock's Elemenls ofPhyriology, vol. ii. p. 3 
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air Mid upon die bkxxl in breadnng. Tbnr tend to t^ 
tsbluli the bet, that in respiraSMa tbe oitrogeD of u- 
■Dospheric air remains uncbanged, and that die carbonic 
add prodoced exacdy equals tbe roluaie rfoxyge u which 
dis^ipears. Bat hj former experimaitE Messn. AUexi 
and P^vs had sseertatned, that in die fbrnuUton erf" a 
volome of carbonic acid diuing combustioB an equal 
volume of oxygen in consumed : and it is admitted that 
the change wrotight upon tbe blood in the polmooaiy cir- 
eiilation b apparendy no more than ought result from 
tbe abstraction of carbon. Thus the essential iJ>efio- 
mena of respiradon appear contained in. or oondstent 
with, the simple expression, that the cartKMi of the blood 
unites in the lungs with the oxygen of the atmosphere 
to form carbonic acid. 

Facts are not wanting to illustrate every step of the 
process. Plants as well as animals deteriorate atiDo- 
gplieric air by substituting carbonic acid for oxygen; 
and the experiments of M. Huber and of Mr. Ellis es- 
tablish the fact^ that when a plant growing in a closed 
isumed all the oxygen of the atmospheric 
air which it contained, the nitrogen, which remains im- 
dirainished in quantity, becomes carburetted; as if carbon 
spontaneously separated from the living body in a form 
fitted tu combine with the elements of the atmosphere^ 
and in the defect of oxygen migiit ibr a time continue to \ 
be eliminated and to unite with another principle. 

But it is evident that the preceding theory rests upon ■ 
the position that the carbonic acid produced in breathing 
exactly equals the volume of oxygen lost. Now although 
lIiiH position he supported by the able researches of 
Messrs. Alien anil Pepys, and has been advocated by 
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Mr. Ellis, M. Majendie, and others, it caunot be od- 
mitted to be universally true. 

In the experiments of Lavoisier and S^uin, Uie pro- 
portion of oxygen consumed exceeded that necessary 
for the production of carbonic acid in the ratio of about 
100 to SI. 5, a result which exactly coincides with the 
researches of Sir H. Davy, lu the receut experiments 

I of Dr. Edwards, in which small animals were immersed 
&r a de&nite period in large quantities of air, the general 
&ct of the surplus quantity of oxygen lost is abundantly 
proved : al the same time the apparendy coaflictiDg 
opinions of preceding physiologists are reconciled by 
the essential variableness of the results, which the ex- 
periments alluded to exhibit. Dr. Edwards's general 
conclusion is, tliat the e.\oess of oxygen consumed in 
breathing above the volume of carbonic acid produce<l. 
varies from nearly one-third of the oxygen that disap- 
pears to almost nothing; tliat the variation depends 

I upon tlie species of the animal employed, upon its age, 
t peculiarity in its constitution ; and also that it 
varies considerably in the same individual at different 
times ''. 

Upon these grounds we must adopt u different theory 
of respiration. Part of the oxygen that disappears we 
_ must suppose to be absorbed in the lungs, and tlie rest 
may eitlier combine with the carbon of the blood to form 

' Dc rinilueiice ties Agent Phytiqueis Sec. p. -lis. Seu likewist: 
Dr. Boilotk'a able disriuisitioii of this subject; Elemeuts of Pbj- 
Mology, vol. ii. p. 9T& no, He concludes that amanundcrordiniir; 
circumstances consumes about 45000 cubic inches of oxygen, and 
It 40000 cubic inches o( carbonic ucid in the apace oi' 
twenty-four hours. 
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carbonic acid, or the whole may be absorbed, and tlis 
expired carbonic acid may be a new secretion. Dr. Ed- 
wards adopts the latter opinion, and supports it by the 
following curious facts. If frogs are confined during 
the month of March for the period of eight liours in 
pure hydrogen after the previous exhaustion of their 
lungs by pressure, they coiUinue to breathe, although 
less and less vigorously, till near the close of the experi- 
ment, during wliich a volume of carbonic acid nearly 
e({ual to the bulk of the animal employed is ^ven out* 
A similar result ensued in esperimenls upon kittens. 
The young of many species of warm-blooded animaltf 
can exist for some time after birth without die contact 
of air : after two or three minutes, voluntary motion 
ceases; but from time to time deep inspirations are drawn 
accompanied with yawnings and movements of the whole 
trunk. A kitten tliree or four days old was placed in a 
receiver containing pure hydrogen, and performed in 
nineteen minutes about as many inspirations. Upon 
examining the air in which the animal had been im- 
mersed, it was found to contain twelve times as much 
carbonic acid as could be accounted for by the residual 
air in die lungs at the beginning of the experiments. 

But other circumstances, which Dr. Edwards men- 
tions, seem to render the preceding facts inconclusive 
upon the question they are produced to Illustrate. It 
seems by no means certain that the carbonic acid ob- 
tained in these ex[)eriments came from the lungs. If a 
frog during the summer months be immersed in hy- 
drogen, it either ceases to breathe, or breathes veiy 
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Htipirtttutt af^^mt Gasa. 



The naxioann, eMinaied as equal to ^1 per coit of the 
oxy ffM UMfKradt occonred about noon : ihe lainimnm, 
cqinl to 3.S per cent, occurred towards e^t in the 
evenii^; frora vfaicb tune til) half past three in d»e 
mombg there wu no change. 

Atmospheric air is prubably the onlj- gas which can 
be breatlied for an indefinite period with impuniti'. But 
other ga^es, as a mixtnre of oxygen with hydrogen in 
the proportions of atmoRpberic air, or nitrous oxide, or 
oxygen may be breathed for a time n-ithout producing 
mischief. When oxygen nearly pure is breatiied, the 
air expired contains above 10 per cent of carbonic acid. 
A proportion of nitrogen likewise makes its appearance 
in (he room of an equal bulk of oxygen'. 

Other gases, aa carburetted hydrogen, sulphuretted 
hydrogen, carlwnic oxide, and perhaps nitrous ga% 
when breathed occasion death immediately ; but at the 
same time they produce certain changes in tiie bloo<^ 
and dierefore kill not merely by depriving the animal rf" 
air, but by their specific properties ". 

Other gases again, hydrogen namely, and nitrogen, 
occasion death when breathed, simply by depriving the 
animal of atmospheric air. 

The preceding sorts of gases have been termed re- 
epirablc, in as much as they admit of being drawn into 
the lungs. One other kind still remains, which is termed 
irrespirable. Carbonic acid, and probably acid and al- 
kaline gases in general, are of this description. The 
instant that a draught of carbonic acid comes in contact 
with the aperture of the glottis, the latter is spasmodically 
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closed, so tbat the efilirt at inspiration fails. A ^imitav 
effect takes place when an nninial is. drowned ; and in 
each cose the lungs are found emptied to sa extraor- 
dinary degree, by the cxpiratiooi which the animal 
makes before each renewed and fruitless dTorl to inspim 

The air thrown out of the chest in ordiuiLry breathing 
contains an aqueous vapour, or carries off by evaporation 
the liquid which lubricates the inner surface of the air- 
cells and bronchi, of the trachea, the larynx, and the 
fauces. According to Dr. Hales, llie quantity of fluid 
from Uiis source amounts to about twenty ounces in the 
twenty-four hours : according lo Dr> Menzies, to mx 
ounces: according to Mr. Abemethy, to nine ounces: 
according to Dr. I'liomson, to nineteen ounces. M. Ma- 
jendie lias ascertaineti that a large proportion of this 
vapour is derived from the membrane lining the month 
and fauces, and mentions that its quality in readily mo- 
dified by changes in tlie state of the blood. Jf odorous 
substances be placed in a serous cavity ur injected into 
a vein, the breath acquires tlieir odour. If a solution of 
phosphorus in oil be thrown into the veins of a, dog, its 
expirations are luoiuious in the dark, and in the light 
appear loaded with a thick white vapour, which consists 
of phosphoric acid '. 

The fine membranous texture of the lungs, which ap- 
pears to allow an instantaneous passage to the gaseous 
Auids that are absurbetl by or separated from the blood, 
is readily permeated by the substances which tlie air 
holds in solution. Thus the vapour of tur{)eiitine when 
inhaled, finds its way into the blood, and the urine ac- 
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quires in a short time the peculiar smelt of violets, which J 
marks the Bbsorption of turpentine. 

Respiration has a remarkable consent with the action 
of the heart. When the pulse is frequent, the breathing 
is hurried ; when the pulse is slow and gentle, respiration 
is scarcely to be observed : but the means by which tliis 
consent is established are unknown. 

Respiration is remarkably modified by different af- 
fections of the mind. In some states of highly wrought 
emotion tlie breathing is hurried and difficult; at the 
same time the voice is observed to fail. Perliaps both 
phenomena result icom a sjiasra upon tlie orifice uf the 
larynx. After violent bodily exertion breathing is more 
frequent and the inspirations are deeper. 

Each act of inspiration requires a s|:iecial impression 
tlirougbthenervesupouthe muscles which dilate the chest. 
When the spinal chord is divided above the origin of 
the phrenic nerves, respiration ceases at once, while the 
heart's action continues without undergoing any imme- 
diate change. When the phrenic nerve is irritated in 
an animal immediately after death, the diaphragm acts. 
When the phrenic nerves are divided in a living animal, 
the diaphragm is in great measure paralyzed, and re- 
spiration continues through the alternate action of the 
muscles which raise and depress the ribs. Respiration 
is always performed with a conscious effort during our 
waking hours ; but we seem not to regulate the frequency 
of its recurrence or its limits: nevertheless, at will we can 
enlarge or diminish the area of the chest, and stop, acce- 
lerate, or retard the act of respiration. When performed 
with an effort of attention, breathing becomes fatiguing; 
but the some happens with any voluntary and habitual 
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I action, if we attempt to perlbnn it amlyticallf by Jmo^ 
\ ing the attentioD to every step in its p 
The influence of the nerri rap cm b 
perfecdy uuderstood. la general, wbea thcK mrwm mt 
I ilivided about the middle of the neck, nspiniiaa ii^ 
I mediately becomes laboured, mmI ifae annd dia m a 
I short time. This speedy deatli probably canes ia eoi^ 
I tequence of the muscles being paniymd, «Udi Had Ba 
I open the passage of the glottis, while ibe ojyitc daai 
[ remains unaffected by the divbion ttf tbe iiienc&. In ai 
a which laboured breathing was pradnced by tMUiiig 
through the par vagum, the resplratioo became ca»j aad 
natural upon opening the trachea, and cxndiiaed >o km 
three hours, beyond which the exisleooe of tlie miaid 
was not prolonged. In a dog in n-faich tbe par ragom 
\ was divided in the neck, lh« animal surrited three day%i 
there was dyspnoea with fretjuent Tamiling, and tbe 
. stomach was foand to have become " rfl nmr d . Ac- 
. cording to the observations of Mr. Brodie, miter tbe di- 
a of the par vugum a less quantity of carbonic acid 
is evolved, the respirations are much diminished in fre- 
quency, and tbe blood in the arteries assumes a darker 
hue; but its natural colour may be restored by arti- 
ficially in6ating the lungs™. Dr. W. Philip ascertained 
that the dyspntea produced in dogs and rabbits b)- tbe 
division of the par vagum in the neck, may be reheved 
by the continued application of galvanism to the chest: 
the animals nevertheless die:but the surface of the lungs, 
though reddenedgenerally, shows not the patches of red, 
nor the bronchial cells the quantity of frothy mucus, usu- 
ally observed after the division of the nervi vagi. 




CHAPTER VI. 
OF THE CIRCULATION THROUGH THE BODY. 



All the phenomena of the circulation whicl 
hitherto considered may be viewed as preparatorj' to 
one importiint object, — the transmission of arterial blood 
through the capillary extremities of the aortn, in which. 
it conduces immediately to the support of life. At tin 
same time the blood becomes deteriorated; it loses il 
florid hue and becomes venous, and toils back to th< 
heart and through the lungs to re-acquire its viv)fym| 
properties. 

The phenomena of the circulation through the body, 
which require separate notice, may be classed under the 
heads of excitement, secretion, the distribution of heat, 
and absorption. v 

I. The junctions of the nervous and muscular system,! 
appear to flag if arterial blood be not propelled in ade- 
quate quantity and with sufficient force through tlieir 
capillaiy vessels ; and although the term excitement may 
be an improper term to denote the influence which the 
blood in this instance exerts, and which may be but a 
part of nutrition, yet the phenomena are so remarkable 
as well to merit separate consideration. Perhaps they 
are of the same nature with the following circumstance 
observed by Dr. Edwards. When frogs are deprived 
of dieir hearts, they continue for a time to exhibit vo- 
limtary motion; if they are plmiged in water, however, 
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Idkev qniddy iree all nppearnnce of life, and remain mo- 

f tionless and insensible under mechanical lesion ; but 

iqMMi withdrawing them from the water as soon as they 

Ave fallen into this state, they revive and move spon- 

i taneonsly. The exciting or invigorating influence of 

K&e atmosphere in tliis case may serve to illustrate the 

aion of arterial blood upon the organs of warm-blooded 



1. When from hemorrhage, or from feebleness of the 
art's action, arterial blood is thrown with less force 
I and in less volume than nsual upon the brain, fiiinting 
s ushered in by sensations of languor and feebleness, 
I itie ears ring, giddineBS ensues, consciousness is lost. 
Y If in such a case the nervous system be excited by am- 
Itnonia held to the nostrils, the heart beats more vi- 
^rously ; and if the patient be laid in a horizontal pos- 
Iture, the flow of arterial bloiKl to the brain Is iactlitated: 
pby these means the conditions which produce sjTicope 
wed, and the fainting person revives. It de- 
serves to be remarked, that continued faintness after 
hemorrhage is to be encouraged as a salutary provision 
in cases where we cannot directly command tlie flow of 
blood ; wliile faintness lasts, the tendency of the blood to 
coagulate is considerably increased, upon the effects of 
which the prevention of a return of hemorrhage mam\y 
depends. By repeated or profiise hemorrhage, an ex- 
sanguinated condition of the body is produced with 
alarming debility, which perhaps authorize and recom- 
mend, as Dr. Blundell has recently pointed out, the 
sfusion of blood in such cases, from the veins of a 
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healthy person. The original experiment of Lower, 
performed about the year 1660. consisted in connecting 
by means of a tube an artery of one animal with the vein 
of another : in one instance a healthy man thus received 
into his system about nine ounces of the blood of a young 
sheep without suffering from it: but subsequently the 
operation being employed medicinally met with some 
notable failures and fell into disrepute. Dr. Blundell 
has made it appear that the transfusion of blood in ani- 
mals of different species may be fatal : but has shown 
that in animals of the same species, if the operation be 
performedwithsufficient adroitness and celerity, the blood 
may be successfully transferred by means of a syringe''. 
2. When any cause prevents the introduction of at- 
mospheric air or of air containing oxygen into the lungsirj 
the blood is returned unchanged to the left side of tl 
heart, venous instead of arterial blood is thrown into^ 
the brain, and consciousness is suspended. This stal 
is termed asphyxia; the feelings with which it com 
mences were ascertained by Pilatre de Rosier, who 
placed himself in irrespirable air by entering into a 
brewer's tub while full of carbonic acid evolved by fer- 
mentation, A gentle heat manifested itself in all parts 
of his body, and occasioned a sensible perspiration. A 
Blight itching sensation constrained him frequently to 
shut his eyes. When lie attempted to breathe, a violent 
feeling of suffocation prevented him. He sought for the 
steps to get out, but not finding them readily, the ne- 
cessity of breathing increased, he became giddy, and felt 
a tingling sensation in his ears. As soon as 
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tached tlie air, lie bi'eathed freely, but for some lime 

! could not distinguish objects; his face was purple, 

■liis limbs were weak, and he understood with difficulty 

1 what was said to liim. But these symptoms soon lefl 

^}um. He repeated the experiment often, nnd always 

found that as long as he continued without breathing, 

i could speHk aud move about without inconvenience; 

■ but whenever he attempted to breathe, the seDsatioii of 

suffocation came on'. 

Symptoms very similar appear to have been produced 
in one experiment of Messrs. Allen and Pepys, when 
_lhe same three hundred cubic inches of atmospheric air 
[ were passed and repassed from eight to ten times through 
I the lungs: tlie operator became hisensible. It deserves 
L remark, that the air which had been employed was found 
I to have gained only ten per cent of carbonic acid ; so 
I that life, it appears, would probably be lost before the 
I entire consumption of tlie oxygen in the air of a confined 
I jpace. Lavoisier found, however, that by repeatedly 
] withdrawing an animal and reviving it, it might be made 
' to consume nearly all the oxygen of a given quantity of 
atmospheric air before death. Otherwise birds die be- 
fore two-thirds, and mice and Guinea pigs before three- 
fourths of the oxygen of the air is destroyed. 
I When the influence of causes which produce asphyxia 
F'is prolonged, the face becomes bloated and livid, the 
efforts at respiration cease, and the heait's action gra- 
dually fails. The first attempt to be instantaneously 
made in such a case is to inflate the lungs either with 
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fresh atmospheric air blown with bellows into the nostril, 
or with air thrown from the lungs of an assistant into 
those of the asphyxiated person. The body as a general 
rule should be kept warm ; but in cases from the burning 
of charcoal, the application of cold is said to be usefiil. 

The period is not determined at which the power of 
resuscitation is lost after breathing has been wholly pre- 
vented ; it probably does not much exceed four or five 
minutes: about tJiis time lite may be considered irreco- 
verably gone, not merely in consequence of the continued 
suspension of the energy of the brain, but because the 
heart appears to lose its irritability when florid blood is 
not circulating in its vessels. The experiments of Mr. 
Brodie and of Dr. Wilson Philip, which have been al- 
ready mentioned, show that after the removal of the 
brain and spinal chord the heart will continue to act for 
a length of time, if by means of an artiflcial respiration 
it continues to receive florid blood ; but if this excite- 
ment be withheld, the tendency of the heart to alternate 
action and relaxation cjuickly ceases. 

3. When nitrous oxide is breathed, although it is un< 
certajn in what degree and by what means the nature c£ 
the blood is modified, yet its effects upon the brain are- 
remarkable, and illustrate in a different manner the sti- 
mulating effect of the blood. In this instance its power 
of excitation is increased; and phenomena frequently oc- 
cur resembling those of intoxication; a degree of vertigo 
is experienced ; the spirits are exhilarated; the muscular 
force appears increased, and a tendency to violent ex- 
ertion ensues. When a mixture of oxygen with hy- 
drogen is breathed, a sedative effect appears to be pro- 
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&ced. On breathing oxygen nearly pure, a general 
glow over the body, with gentle perspiration and 
qnickened pulse, has been observed to take place. 

When warm water is injected into the veins of an 
animal atler an equal quantity of blood has been drawn 
from its body, the animal appears enfeebled; its nervous 
energy appears diminished. There a))pear to be grounds 
in the temporary advantage obtained in liydro))hobia by 
Ais means, according to the experiments of Majendie, 
for repeating die trial upon animals if not upon human 
beings attacked with this desperate malady. 

5. If uir be thrown into the jugular vein of an animal 
suddenly and in large quantity, a peculiar sound is heard 
in the chest ; the animal utters cries expressive of suf- 
fering and quickly i>erishes. If air be introduced gra- 
dually into the veins, frequently no symptoln follows. 
It appears that death may take place from this cause, 
when in surgical operations at the root of tlie neck the 
externaljugularvein is accidentally opened. It has hap- 
pened in such a case that air has been drawn during in- 
spiration into tlie right cavity of the heart: faintness, 
cold perspiration, with a peculiar noise in the chest, en- 
sued, and the patient expired in a quarter of an hour*". 

Medicinal substances introduced into the blood in 
small quantities act promptly and violently; and are 
thus administered in the veterinary' college at Copen- 
hagen. Oily and viscid substances introduced into the 
blood produce death rapidly, by obstructing the pul- 
monary capillaries. An American physician, it appears, 
tried in his own person the injection of a small quantity 
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of castor oil into the blood. Nausea, with a taste of oil 
in the fauces, an indescribable sensaiion ascending to- 
wards the head, faintness, with spasm of tlie muscles of 
the jaws and an imperfect articulation, gripiog with te- 
nesmus, ensued, and the imprudent experimentalist did 
not regain his health for several weeks*. 

II, From the blood in the capillary vessels of the 
aorta the various substances of which die body consists, 
or which are formed upon its surfaces, appear to be se- 
parated or secretetl '. It is not known whether aper- 
tures exist ill the capillaries specially organized for this 
purpose, or whether the different elements transude 
through an uniformly porous texture. If size and ver- 
milion be thrown into the aorta so as to inject the whole 
body, in the serous cavities a quantity of colourless size 
is found, which must have been strained through very 
minute orifices, and is supposed to illustrate the mecha- 
nism of secretion. But in truth we know very little 
specting the intimate nature of this phenomenon. Nor 
does it much aid our inquiries to classify its products 
according to their chemical relations: but it is interests 
ing to remark, that although the elements of one secreted 
substance are readily distinguishable in the blood, while 
those of BJiother have properties totally unlike that fluid} 
yet that the quantity of secretion always has refer- 
ence to the quantity of blootl circulating in a part : that 
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' There are probably two exceptions to this statement. The bila J 
nppcnra to be secreted Trom the capillnriea of the vena portannnj i 
nnd the aqueous vapour of the lungs is perhaps in part lupplied from J 
the ciipilluies of cHb pulmonary artery. 
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when the former is incruaGed, us from the mamma alter 
parturition, the arteries of tlie pnrt are enlarged : or 
conversely, that in order to check tlie increase of a vas- 
cular tumour, it is Irequently sufficient to tie the maiu 
artery leading to it. 

Secretion furnishes products that are of two iiinds; 
those, namely, which belong to the constitution of or- 
gans, being either solid or fimd; and such a.s are poured 
out in variable (quantities upon the slun or on mucous 
surfaces, from which they are mostly mechanically re- 
moved before their function is attained. The former are 
instances of nutritive, the latter of functional secretion. 

1. No special organization appears necessary for nu- 
tritive secretion, or lor the separation from the blood of 
the elements by which the body grows. Capillary ves- 
sels that carry red blood arc distributed with consider- 
able minuteness in every organ ; and it is probable from 
the phenomena of inflammation, that many channels exist 
yet finer than the diameter of a coloured globule, with 
the influence of which we are wholly unacqutuiited. 
Plants share this function with animals: and accordingly 
it seems in great measure independent of the influences 
peculiar to animal life. The hair and nails are said to 
grow alter death: in a paralyzed Ifinb, growth and the 
P common phenomena of reproduction lake place. When 
P the fifth pair of nerves has been divided upon the petrous 
portion of the temporal line in a rabbit, upon breaking 
off the crown of an incisor tooth, it ti reproduced as 
rapidly as in animals in which the nerves are entire ; and 
the human mola is sometimes found to have attained 
considerable development without either brain or spinal 
chord. Dr. Clarke met with a case, in which after the 
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birth of a perfect lixtus, anotlier substance was exp^ed 
iDclosed in a distinct bag of membranes. The mem- 
branes consisted of deciduee, chorion, and amnios, an<} 
liad a placenta belonging to them, the side of which wa»j 
attached to the placenta of the perfect child. The moU 
itself was about four inches in length and three in breadth, 
of an oval figure, and attached to the placenta by a small 
and thin funis. There was no vestige of head or ned^ 
no ribs nor clavicle nor scapula: it had four projecting' 
parts, of which one bore an imperfect resemblance to the' 
foot of a child. The surface was covered with the 
common integuments : the soft parts consisted of ai 
mogeneous fleshy texture, but without any regulj 
disduct arrangement of muscular fibres, and was very 
vascular throughout: it contained an os inoominatum 
and an os femoris of the natural size at birth, with a tibia 
and fibula shorter than natural. A poi'tion of small in- 
testine with a peritoneal covering and mesentery 
found, but no glandular substance. It had neither heart 
nor lungs; neither brain, spinal marrow, nor nerves. 
The umbilical chord consisted of an artery and vein. 
Before the internal structure was examined, the navel- 
string of the perfect fcetus was injected ; from whence 
the Injection passed through both placentae, and then 
into the substance of the mola^. 

Nevertheless it has been proved, as regards an organ 
of very delicate fabric, that nutrition is disturbed upon 
the division of one of the nerves which supply it. M. 
Majendie found, that when the fifth pair of nerves is di* 
vided in the cranial cavity of a rabbit close upon its ap- 
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pareut origin, the surface of the eye inflames at its upper 
pari, and the upper segment of the comea becomes 
clouded. But what is still more remarkable, as tending 
to show conjointly ^vith the preceding experiment that 
the influence of nerves upon nutrition is derived in part 
only from the brain, M. Majendie found that if the fifth 
nerve be destroyed upon the peti'ons portion of the tem- 
poral bone, where it isinvolved in the ganglion of Gosser, 
the enure comea becomes opoke In twenty-four hours, and 
the opacity daily increases : on the second day the tunica 
conjunctiva reddens and secretes pus, the iris becomes 
inflamed and covered with lymph; about tlie eighth day 
the corneu begins to ulcerate in its centre and at its 
edges, tlie eye bursts, and the liumours being discharged, 
wastes and shrinks to a small nodule". 

The inflammation of the stomach, which ensues upon 
tfie division of the par vagum in animals that survive the 
t^ration for three or four days, is probably a pheno- 
menon of the same kind as the preceding. 

Nutritive secretion has a strict reference to the phy- 
sical impressions made upon a part. If a limb, as the 
arm of a blacksmith, be kept in continual exercise, the 
muscles become larger, firmer, and more powerl'ul : the 
bones enlarge, the sinews become stronger. If continued 
pressure be made upon a surface supported by bone, 
such for instance as takes place upon the chin in the use 
of instruments during weakness of the spine, an exostosis 
is liable to rise from the bone, over which the skin 
is not tensely extended, but grows so as to form a loose 
capsule containing it: if the pressure be discontinued. 
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the tumor wastes and disappears; and thus if a limb be 
kept absolutely at rest, t!ie textures wliich belong to its 
composition shrink and become diminished in volume 
and in sti"ength. Medicines seldom appcai- directly to 
affect nutritive secretion ; yet mercury in some instances 
appears to act locally in the resolution of parts thickened 
by previous inflammation ; the liquor polassse produces 
general emaciation, and iodine has been thought to exert 
a specific influence in reducing the enlarged thyreoi'di 
gland. 

2. The saliva, the bile, the urine, the perspiration, 
are instances of functional secretion. They are liquids 
which exude upon mucous surfaces, or upon the skin ; 
they are formed, as occasion requires, in different quan- 
tities, and they are speedily removed from the surface 
on which they are produced for some purpose in the 
vital ccconomy. Some of these fluids, as for instance the 
perspiration and the urine, are probably wholly excre- 
mentitious; others, as the saliva, ai-e peihaps wholly 
re-absorbed; a third set, including tlie bile, seems to par- 
take of botli these characters. 

The kind of organ in which functional secretion takes 
place is greatly diversified. In one instiance, as in tlie 
skin, an uniform vascular superficies appears to pour 
out the fluid. In another, as in the ciop of the ostrich, 
numerous orifices are seen upon a surface, each of which 
leads into a sac of membrane lying in intricate folds, 
greatly to increase the vascular superficies. Tlje lacuni 
of tlie urethra, which are plain shallow jrauches of rau-! 
cous membrane, are among the simplest secreting organs 
of this description. In a thii-d instance, as in the Uver, 
a fleshy substance presents itsellj consisting of numerous 
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imilar and coherent particles, which is termed a con- 
glomerate gland. From each separate molecule of the 
gland, one excretory tube at least issues, the connexion 
of which with the arteries and veins of the part has hi- 
therto eluded satisfactory observation. In general the 
Kxcretory tubes of a. conglomerate gland coalesce to form 
a common trunk. Each elementary portion of such a 
gland resolves itself into blood vessels and excretory 
tubes. Upon llie whole, it appears that a vascular mem- 
brane is all which is requisite for secretion, and that the 
other contrivances, which have been described, are but 
methods of conveniently packing a large extent of sur- 
face in a small compass. 

Functional secretion is remarkably under the influence 
of the nerves. Upon one aifection of the mind the tears 
flow, upon a second the urine, upon another the saliva: 
yet I found upon cutting the nerves of the kidney in a 
dog, tliat in half an hour afterwards a quantity of urine 
had accumulated in the pelvis of the kidney, and in the 
ureter, which had been tied. In this as in the former 
mode of secretion, physical impressions locally applied, 
seem to have an influence upon the rate of its produc- 
tion. By the removal of the young from its mother the 
secretion of milk is after a short time entirely suspended, 
in circumstances where the gland would otherwise have 
continued its action for an indefinite length of time". 
The influence of medicines tells immediately upon func- 
tional secretion. Many classes of drugs derive their 
names from the power which they possess of increasing 
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the flow of saliva, of the urine, and the like ; and their 
value, from die connexion which exists between the rate 
of a secretion and the conditions of other fiinctions. Mr. 
Brodie ascertained that the secretion of urine does not 
take place in animals, in which after decapitation the 
circulation of the blood is sustmned by an artificial re- 
spiration *: 

Three suppositions present themselves, as to the place 
in which the secretions are formed : either they may be 
produced in the blood while circulating in the system at 
large, and be simply separated through the intervention 
of secreting organs, — or the entire production of a se- 
cretion from the blood may be effected by the capillaries 
in each part,— or the elements of different secretions may 
spontaneously develope themselves to a certain extent io' 
the blood at large, yet requite the influence of the capil- 
lary tubes in the part where they are separated, for their 
complete elaboration. The only fact with which we are 
acquainted upon this subject is, that alter both kidneys 
have been removed, an animal survives several days, 
during wliicli the characteristic element of the urine ac- 
cumulates in considerable quantity in the blood, accord- 
ing to the observations of MM. Prevost and Dumas. 

III. When the resemblance was ascertained between the 
effects of combustion and of respiration upon atmospheric 
air, the lungs, which were previously supposed to act in 
cooling the heart, were invested by physiologists with 
the ofBce of producing animal heat. The difficulty of 
accounting on tliis supposition for the equal diffusion of 
warmth throughout the body was evaded by, and served 
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to confirm the beautiful theory of Crawford. By careful 
experiments Ci-awford became satisfied that arterial blood 
has a greater capacity for heal than venous blood in the 
ratio of U*.5 to 100. The heat therefore liberated in 
the lungs during respiration might become Instantly 
latent, and form an unobserved element of arterial blood 
in its flow through the body ; while at the subsequent 
conversion of arterial into venous blood in the capillaries, 
the heat would become liberated equally diroughout the 
system. Numerous observations, which have successfully 
established that the vital heat in diSerent animals, in the 
same individual, and even in plants, has a close relatioit 
to the quantity of oxygen consumed, saemed to place 
the theory of Crawford beyond the reach of innovation. 
Recent inquiry concurs with former experience upon 
the point before us. Dr. Edwards has ascertained that 
young animals consume in proportion less oxygen than 
adults, and have a less power of generating beat; and 
that young animals differ among each other in the power 
of producing heat, something in the ratio of the oxygen 
which they destroy. Where respiration is imperfect, as 
in asthmatic patients, the temperature of the body is 
lower. Where pure arterial blood does not circulate 
through the body, as in those, in whom n communication 
exists between the right and left cavities of tlie heart, the 
temperature is below tlie usual standard. 

But the experiments of Mr. Brotlie Imve shown the 
precedingevidence to be iallacious, and prove that Craw- 
ford must have overrated the difference in the capacity 
for heat of arterial and venous blood, upon which his 
theory rested. Two rabbits, as nearly alike as pos- 
sible, were destroyed by decapitation alter securing the 
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vcads at the oedc : in one the circutatioa was kept up 
by means of sn artificial respiratkifi ; the other was left 
antooched in the same room at the same temperatnre. 
Of these two dead rabbits the first was observed to cool 
more rapidly than the second : yet in tbe first the che- 
mica] influence of respiratioa was perfectiy sustained, the 
Uood circolating througfa the Inngs from a dark liue as- 
sumed tbe arterial character, that circulating through 
tbe body became venous ; and the air respired was de- 
teriorated exactly as by tbe breathing of a living 
rabbiL Nevertbeless, beat was not derived in sufficient 
cfuantilii- from this source to make up for the lowering of 
temperature produced by ihe fresh draughts of cool air 
into the lungs of the dead animal : the thermometer at 
the expiration of thirty minutes stood at 97° in the rectum 
of the first, at 98° in the rectum of ihe second rabbit'. 
Subsequent researches upon this subject by Dr. W. Pbiltp 
and Dr. Hastings tend to show, that the rapid cooling 
of the first animal in the experiment detailed may have 
resulted in part from too large an inflation of the chest; 
that upon avoiding this excess, the process of cooling aj^ 
pears even to be retarded by artificial respiration, but 
not to a degree that invalidates the conclusiveness of 
Mr. Brodie's experiments. 

But akhougb the theory of Crawfiwd be thus set aside, 
it remains possible that arterial blood may prove by some 
other method the source of animal heat. A general ratio 
seems to exist between the temperature of parts and the 
afflux of arterial blood; and the following exijeriment 
by Dr. Wilson Philip may serve to show how the C 
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compositioii of the latter through an agency, in maay 
instances analogous to the nervous InBuencc, may pro- 
duce heat. Upon applying the galvanic influence to 
arterial blood immediately upon being drawn, an evo- 
lution of heat amounting to 2° or 3° took place, while 
the blood assumed a venous hue. The trial was made 
with the arterial blood of a rabbit; the rise of tem- 
perature ceased to show itself in two minutes after the 
blood began to flow from the vessel, but the change 
in colour continued to be produced accompanied with 
an extrication of gas throi^h the galvanic influence. No 
rise of temperature could be produced in venous blood 
by the same means'". 

The present opinion of physiologists inclines to the 
belief that the production of animal heat depends upon 
the nervous influence: yet the best evidence which we 
possess shows only that temperature may be modified 
through the nerves, like every other physical endowment 
of the body. Sir Everard Home found that upon the 
division of the nerves distributed to the growing antler^ \ 
its temperature fell immediately several degrees, but rose ' 
again a few days allerwards even higher than the tem- 
perature of the opposite horn". Sir Everard mentions 
on the same occasion some curious instances of a partial 
extrication of heat,,jH>ich he refers \o nervous agency : 
the oviduct of a frog ready to spawn is two degrees 
hotter than the heart; and it appears on the authority of 
Dr. Granville, that during labour the heat of the uterus 
is sometimes raised to 120'; but a very similar ))heno- 
menon has been observed to occur in plants in which IM 
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organs analogous to a nervous system h»ve been traced; 
M. Hubert observed that when the temperature of the 
i^mottphere stood Kt 21% a thermometer so rroutuled with 
Radices of the aram cordifoiiDin during the process of 
fecundation stood at 43'^. " 

Upon the wbole, we must admit that the source ot 
vital heat remains unknonn. Its remarkable infiuence 
upon tlie human (economy will be subsequeotly con- 
sidered. 

IV. The facts which we possess respectiog the imbi- 
bition of blood-vessels are principally owii^ to the re- 
searches of M. Majendie, from which I extract most of 
the following observations. 

The thigh of a dog, which had preiiously been stu- 
pefied by opium, was separated from the body by the 
division of every part but tlie crural artery and vein; 
into each of these vessels a quill was introduced and tied 
with two ligatures, between which the vessel was divided: 
thus a channel was provided for the circulation of the 
blood, and all other communication between the body 
and tfie limb was cut off. Two grains of the upas tieute 
were then inserted into a wound in the foot of the sepa- 
rated limb. The poison manifested its elfects upon die 
system in the ordinary time, that is, in about four mi- 
nutes; and we are given to understand that the animal 
died within the tenth minute. 

A fold of small intestine (this experiment, though 
founded upon M. Mnjendie's, was made by M. S^galas) 
was drawn out of a wound in the belly of a dog. All the 
vessels were Ued but one large artery. A vein punctured 
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Upon tbe mesentery near the bowel allowed of the es- 
cape of the blood thrown into the part by this artery. 
The lacteal vessels were left entire. The fold of intes- 
tine was then lied at both extremities, was opened, and 
an aqueous solution of alcoholic extract of nux vomica 
poured into it. During an hour the poison produced no 
symptoms. The ligature was tlien removed from one of 
the veins, and the blood allowed to return to the heart 
after Circulating through the isolated portion of bowel. 
In six minutes fi'om this time the poison took effect. 

The preceding phenomena admit of two hypothetical 
solutions. We may suppose either that the veins possess 
a special power of absorption through some mechanism 
not as yet discovered ; or that a poisonous substance may 
find its way into the blood through the coats of the 
vessels, by virtue of that sort of imbibition or transudation 
which takes place in dead matter whether organized or 
unorganized, and which it is analogically probable takes 
place in living matter as well. The latter supposition 
has the recommendation of assuming nothing. The fol- 
lowing facts appear to bear it out. 

If a pieceofbeef beput insalt, in a few days the sahne 
fluid penetrates the whole mass. 

If an animal be opened some time after death, the 
substances adjoining the gall-bladder are tbund to be 
deeply dnged with bile. 

If the tlieca vertebralis of an animal be opened during 
life or soon after death, a quantity of fluid is found in 
it; alikequantity of fluid is not found if the examination 
be delayed till some time after death. 

If half an ounce of acidulated water be introduced laW 1 
the pericardium of a dog killed twelve hours before, anti' J 
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warm water be injected in a continued stream throngh 
the coronary arteries so as to flow into the right auricle 
of the heart, in Ibuv or five minutes it gives uneqatu 
vocal evidence of containing acid. 

In an animal that had been killed by the wound of 4 
Javanese poisoned arrow, tlie parts around the wound be- 
came of a brownish yellow colour for the depth of several 
lines, and took the bitter flavour belonging to the poison. 

The preceding instances establish the fact, that i 
dead animal matter a free imbibition or transudatiodq 
takes place ; so that a substance introduced into it, i 
capable of being dissolved by its juices, would find i 
way through the coats of its blood-vessels. 

If a drop of int be placed upon the peritoneum of a 
living animal, it sinks into it and forms a large circular 
stain, which at first is confin^ in depth to the serous 
membrane, and takes a much longer time to penetraU 
the subjacent textures. 

If a small quantity of ink be intrdtluced into the plet 
of a poppy (the experiment succeeds better upon smaller 
animals), in scarcely an hour the pleura, the pericar- 
dium, the intercostal muscles, and the surface of t 
heart itself, assume a sensibly black tinge. 

If the jugular vein of a living puppy be raised fromil 
place without interrupting the circulation, a slip of cai 
being introduced between it and the adjoining parts, andlil 
the vein be carefully denuded of the surrounding loose ' 
texture, and a thick aqueous solution of the alcohoUc 
extract of nux vomica be placed upon the middle of the 
card so as to surround and bathe the vein, in less 
than four minutes the effects of the poison show them- 
selves; at first faintly, but soon after so actively as to re- 
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quire the employment of artificial respiration in order to 
sustain life. 

On comparing these results with the preceding series, 
it appears impossible to doubt that they depend upon a 
like transudation taking place in the living body, to that 
which occurs in the dead. But various circumstances 
have been ascertained to prevent, or relard, or accelerate 
this mode of absorption; and it is remarkable that they 
are consistent with, if they do not materially strengthen, 
the hypothesis which we have adopted. 

Imbibition takes place more readily u|>on serous than 
upon mucous membranes, more readily upon very vas- 
cular surfaces than upon those which are less so. 

The method common among barbarous nations of ex- 
tracting poison from wounds by suction, is consistent 
with the supposition that it makes its way by mechanical 
imbibition. 

If a ligature be applied around a limb bitten by a ve- 
nomous serpent, no symptoms appear as long as the 
pressure is kept -tip. But the ligature stops the circu- 
lation of the blood, and thus is calculated to prevent the 
poison being conveyed to the heart and to the brain, if 
it naturally penetrate by transudation the cavities of the 
vessels and mix with the blooit. If it be true that con- 
tinued pressure of a ligature, though insufficient wholly 
to stop the circulation, yet destroys the effect of the 
poison, this result may be attributed to the gradual intro- 
duction of the poison into the system in quantities too 
small to produce any symptoms. 

If a cupping-glass be applied over a poisoned wound, 
(a fact of practical value that has been recently brought ^ 
into notice by Dr. Barry,) as long as its pressure is con- J 
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tinned DO symptoms are showD; if the cupping^asfi be 
removed, tbe effects of the poison discover themsclvei; 
if it be re-applied, ilieir jirogress is arrested. There can 
be no doubt that this method acts like the ligatm-e; but 
it is much more commotliou^, and may be advantageously 
employed, not merely in cases of tlie bile of venomous 
serpents, but in wounds by rabid animab while prepa- 
rations are making for the excision or cautery of the 
wound. 

If an animal be arlihclally placed in a state of pie- 
thora by injecting a large quantity of warm water into 
its veins, a poison introduced into the pleura, which or- 
dinarily shows its eflect in two minutes, in half an hour 
produces no symptoms. Upon drawing a large quantity 
of blood from a vein, the effects of the poison discover 
themselves. 

If a quaniity of blood be drawn from an animal, and 
be re[)laced with an equal quantity of water, poisoning 
lakes place as rapidly as if the blood were not thus di- 
luted. 

If a quantity of blood be drawn from an animal and 
no substitution be made, a poison which naturally operates 
in two minutes produces symptoms in thiity seconds. 

In tliese cases it appears that the degree of distention 
of the vessels influences the facility with which a poison 
is introduced into the system : but the same result should 
take place on mechanical principles, if the mode, by which 
the poison makes its way, be mechanical ti'ansud&tioD 
tljrough the coats of the blood- vessels. 

In dierapeutics the principle is well established, that 
medicines act with increased and more rapid effect after 
venssection. 
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Ta solution of prussiate of potass be injected into the 
iii'a, and a solution of sulphtite of iron be introduced 
into the abdomen of a living miimal, in general five or 
six minutes are required for tlieir communication through 
the diaphragm. But this communication M. Fociera 
found to be instantaneous, if a cuiTcnt of the galvanic 
fluid be directed through the diaphragm, — a phenome- 
non curiously consistent with the effects of a similar in- 
fluence upon the transmission of liquids through inert 
capillary tubes. 

Such is the mass of evidence upon which the position 
appears to be established, that transudation takes place in 
living as well as in dead textures, and serves sufliciently 
to account for the dii-ect admission of foreign nialter in 
contact nith a vascular surface into the circulation. A 
popular objection to this view is founded upon the fact, 
that on opening the body of an animal immediately after 
death, the parLs adjoining the gall-bladder are not tinged 
with bile. But it is easier to imagine that the bile is 
washed away by the circulating blood, or carried off' by 
the lymphatics a.s fast as it exudes, than to suppose a 
new principle in the living body competent to suspend 
the common law of imbibition by porous substances. 

It remains to be determined to what extent this imbi- 
bition of the blood-vessels is employed during digestion 
and in the growth of parts. 




CHAPTER VII. 
OP DIGESTION. 



The quantity of the blood is continually diminished 
through secretion, and especially by the loss of fluids 
separated from it in the lungs, in the kidneys, and upon 
the skin, no part of which returns into the system. To 
supply this waste, a fluid is elaborated from the foodj 
which iji essential qualities nearly resembles the bloody 
which is absorbed and poured into the veins by a distinct 
set of vessels, and mixing with the blood in a short time 
ceases to be separately distinguishable in it. The pro- 
cess, by which nutritious matter is extracted from the 
food, is termed Digestion. The food is received into a. 
tube from five to six times the length of the body, in 
diiferent parts of which it is detained and mixed with 
secreted fluids that decompose iL 

The food is prepared by mastication in the bucesf- 
is carried by deglutition into the slomach, where it is 
dissolved by the gastric juice; is propelled into the small 
intestines, where upon mixing with the bile and other. 
secretions, it separates spontaneously into a fluid wliich. 
wants buthttle of perfect assimilation to the blood, and 
refuse matter ; the former, termed the chyle, is absorbed 
by the lacteals ; the latter passes into the great intestine, 
where it becomes fecal, and remains till expelled by & 
voluntary effort. 

The possession of an alimentary canal or cavity is cha- 
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racteristic of animal life. In plants, fluids are absorbed 
unchangedb;ycapi)laryorifices, and afterwards elaborated 
' in the vessels of difierent organs i but even in the lowest 
animals, with n few exceptions, a digestive cavity is found, 
or the animal is a bell-shaped sac, into which food is re- 
ceived, and in which it is decomposed. Afterwards the 
recrementitious part enters the porous structure of the 
animal, and the refuse matter is expelled through the 
same orifice at which it was received. 



Of Hunger and Thirst i of the Mastication of Food, 
Li' and of Deglutition. 

\ We are led to take food by the appetites of hunger and 
thirst. If hunger be not gratified, an uneasy sensation 
of gnawing or dragging occurs which is referred to the 
epigastrium; ifthirstbenot slaked, the mouth and throat 
become dry and parched. It is usual to attribute hunger 
to an affection of the nerves of the stomach, and thirst to 
an impression upon the nerves of the fauces and pharynx. 
But it is fer from certain that either of these sujipositions 
is just. Nausea is habitually referred to the stomach, 
upon the same gromids with the sensation of hunger; yet, 
according to the experiments of Majendie, after die re- 
moval of the stomach in an animal, nausea and the spasm 
of retching may be produced by the injection of tartar 
emetic into the veins ; and Dr. Galrdner remarked, that 
in the case of a man who had cut through the cesophagus, 
several buckets-full of water were swallowed daily, and 
discharged through the wound, without quenching thirsi, 
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which was iifterwards found to be abated by the injection 
of spirits dilutett with water into the stomach ", 

It is possible, for any thing known to the contrary, 
that a person might be hungry without a stomach, and 
thirsty without a throat. Hunger frequently remains for 
half an hour or an hour after a hearty meal. Sleep allays 
it; violent emotions of the mind prevent it. Hunger 
recurs at statetl periods through the influence of habit 
at such times if not preceded by much fatigue, ihtfi 
understanding is unusually clear, and there is a general 
sense of bodily vigour and elasticity : if the gratificati 
of the appetite be withheld, it ceases, and a degree of 
nausea takes its place, with languor and exhaustion; then 
hunger returns with painful sensations at the stomach, 
and as a violent craving, which gets the better of every 
feeling of aversion and abhorrence, and the vilest food is 
swallowed with avidity. i 

The suggestions of the appetite during health, as to the'i 
quality and quantity of food, appear to be a true guide 
to what is wholesome. Every one can distinguish be- 
tween the hearty meal, which nature prescribes, and the 
overloaded repast, which stimulating viands enable an 
epicure to swallow, and for a time to digest. During 
disease the senses lose their tact, and the appetite fre- 
quently longs for objects that would be prejudicial. 

The fauces form an organ in which the food is divided, 
comminuted, and rubbed down with a fluid to the con-' 
sistence <^' a pulp ; so that it may leave its entire flavoui' 
upon the neighbouring sentient surfaces, and be readily 
conveyed in equal portions along the gidlet in the act 
deglutition. 
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; TTae vaulted roof of the fauces is the hard palale, 
hround which are set the teeth in their sockets: this part 
may be considered as Axed during mastic atlon. The 
lower jaw repi'esents the alveolar processes of the upper 
maxillary bones, with wiiich it contains an ec)Dal number 
f teeth, and against which it is capable of being pressed 
I various directions, so that the edges and grinding 
'surfaces of the different teeth may tell upon Uie food. 
The tongue, contained within the hoUow of the lower 
jaw, forma the floor of the fauces, and when the mouth 
is shut, presents a convex upper surface, in contact with 
the vaulted part of the palate. Three glands on either 
side, the parotid, the submaxillary, and the sublingual, 
pour saliva into the mouth, the inner surface of which is 
lined with a mucous membrane that is continuous at the 
lips with the skin ; and many smaller glandular bodies 
within the lips and the muscles of the cheek, termed 
glandulee labiales and buccales, contribute perhaps to 

fthe same office. 
The teeth are thirty-two small bones, of which the 
crown, or base, or body, is covered with enamel, and 
appears above the gum: the neck of a tooth is that part 
to which the gum adheres; the root or fang of each tooth 
is 6rmly wedged into the substance of the jaw. A tooth 
is fixed by its fang and neck ; the crown is employed in 
dividing the food, and in articulating vocal sounds. 

By means of a longitudinal section the cavity of a tooth 
is shown; which is naturally open at the extremity of the 
fang, and ascends through the neck into the crown of the 
^V tooth, representing very faithfidly its outward form. The 
^^^ cavity is seen to be wrought in the duller coloured sub- 
^^B stance, or bone of the tooth ; and the glistening enamel 
^^H appears disposed in a thin layer, thickest upon the cut- 
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^^^V ting edge or grinding surface of the crown, and vanishing 

^^H upon the neck of the tootlt. 

^^^1 If a tooth be steeped in diluted muriatic acid, it retains 

^^^1 its form, but becomes flexible: the acid dissolves the 

^^^1 earthy matter, and leaves the animal substance with 

^^V which it was combined. 

^^1 The following is the composition of the bone of teeth : 

^^H Animal matter 28.0 

^^^H Soda with muriate of soda . . 1.4 

^^^H Carbonate of lime 5.3 

^^H Phosphate of lime 61.96 

^^1 Fluateoflime 2.1 

^^^H Phosphate of magnesia . . . . 1.85 

^^H The following is the composition of enamel: 

^^H Animal matter 2.0 

^^H Carbonate of lime 8.0 i 

^^H Phosphate of lime 85.3 

^^1 Fluateoflime 3.2 

^^H Phosphate of magnesia .... 1.5 

^^^P If a section be made through a tooth and the alveolar 

I process which contains it ader a successful injection, nei- 

ther the enamel nor bony part appears in any degree red- 
Idened, but a fine vascular membrane, which enters at the 
aperture of the fang, is seen to line the whole of the ca- 
vity of the tooth ; branches from the fifth pair of nerves 
may be traced to the opening of the tang^ upon which > 
the sensibility of a tooth depends. < 

In this manner the teeth cohere witli neighbouring vas- 
cular parts. Their mode of ilR- and growth wU! !x> 
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^erwards described. At present we have only to con- 
sider their mechimical agency in comminuting the food. 

The four front teeth in each jaw are termed incisors : 
the crown has a cutting edge extending transversely, 
and is wedge-shaped : the fang is single ; the two central 
incisors in the upper jaw are longer than the rest, so as 
to throw the remaining teetli of the upper jaw rather 
without or behind those of the lower, till the sniallness 
of the last grinder in the upper jaw causes them to ter- 
minate at the same vertical plane. 

A cuspidatus, canine, or eye-tooth is found next to the 
incisors; it is pointed, and larger than the preceding: 
its fang is single but of great length, and frequently bent 
at the extremity. 

The two sets of cuspidaci and incisors form two curved 
blades, which meet like those of scissors; the incisors and 
cuspidati of the upper jaw generally fell before those of 
the lower. 

The two teeth, which immediately follow each cus- 
pidatus, have two points upon the crown, one without 
the other, and the largest ejtternal ; they are called bicus- 
pides : they have one broad fang fluted at its sides. 

The tliree remaining teeth on each side of each jaw 
are called molares or grinding teeth : their crowns have 
five points. Tiie molares ofthe lower jaw have two fangs, 
one behind the other; ofthe upper, three, two of which 
are external; they rise in a slanting direction. The dis- 
tribution of the fangs of the upper molares is intended to 
avoid the antrum ofHigbmore; but it often happens that 
one fiing, and that more generally belonging to the second 
molaris, extends into the antrum. In the museum of 
Albinus there is an instance of the crown of a molar tooth 
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growing into the cavity of the antruin, the direction of 
the fan^s being reversed. The first molaris is the largest; 
the posterior, or dens sapientiae, is small : its fangs grow 
together, and are short. The grinding surfaces of the 
two sets of molar teeth are exactly opposed to each other. 

The strictest relation exists between the form of the 
•teeth and the habits of animals. Thus in the horse, 
which crops the herbage by bruising and snapping it 
across, the incisors have broad cutting edges, whicb , 
meet like the blades of pincers : in the incisor teeth of 1 
the beaver, which gnawa through the hardest vegetable 
fibre, a sharp edge is preserved by the disproportion^e 
distribution of enamel upon t]ie fore part : in the lion the 
incisors are poiTited : in the elephnnl, front teeth grow 
from the upper jaw only, and are prolonged into tusks, 
by the aid of which, with its trnnk, the animal te.irs up 
the plants that serve for its food. The cuspidati are r&- 
markably large in carnivorous quadrupeds which seiiie' 
and rend their prey when living; and the character of the 
head is determined by the prominence of the zygoma to 
give room for the thick temporal muscle by which: 
the jaws are closed, anti by the shortness of the jaws 
which saves expenditme of power in closing them. 

The mohires are best developed in graminivoroas 
animals ; on this occasion a third substance termed the 
crusta petrosa, having less hardness than the bone, as the 
bone has less than the enamel, is wrought into their 
composition ; and as each of these three substances is ex- 
posed upon the grinding surface, the latter derives e per* 
mauent inequality from their different degrees of hard- 
ness favourable to the comminution of the food. The 
form of the heads of graminivorousquadrupeds is charac- 
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by the length of the jaws in which ihc massive 
tg teelh are net ; by the long and Dat zygomn, and 
Jepth and breadth of the branches of the lower jaw, 
to which muscles are attached, which move it forward and 
laterally. 

The lower jaw consists of the curved piece of bone, in 
which the sixteen teeth are set, and of a process or branch 
on either side, which rises nearly at a right angle to be 
articulated by means of its condyle with tiie glenoid fossa 
of the temporal bone. Each branch is of such a length 
that when the lower jaw is fully raiseil, the two rows of 
teeth are equally pressed against each other, the front 
teeth locking, the molar teeth simply meeting. 

The elementary motions of the lower jaw consist in 
its simple elevation or depression, in its horizontal move- 
ment forward or backward, antl from side to side. 

1. During the depression or elevation of the lower jaw, 

the centre of motion faUs about the middle of its branches. 

Or the lower jaw in rising or falling performs part of a 

I Vertical revolution, upon an imaginary line drawn ho- 

f rizontally across from side to side through the middle of 

its Jjranchea. The angle of the jaw ia carried upwards 

and backwards ; the condyle forwards and downwards, 

sliding upon the mterarticular cartilage, which separates 

it from the OS temporis. The temporal muscles directly 

raise the lower jaw ; the digastricus and other muscles 

. which depress it at the same time retract it; and thus 

I admit of being brought into play even during the action 

I of raising the jaw, in order to limit the effect of the mas- 

seter and internal pterygoid muscles which tend to carry 

the jaw forward as well as upward. 

i. Tiie lower jaw may be carried forward in a plxne 
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parallel to that of the alveoli of the upper jnw, by the 1 
action of the external pterygoid muscles, — aided by the, 1 
masseters and internal pterygoid muscles, if thei 
dency to raise the lower jaw be prevented by the digas- I 
trici and various other muscles attached to the os hj'oides. ' 
The muscles last alluded to are calculated simply ti 
tract the jaw, when their effect towards its depressi. 
neutralized by the temporal, masseter, and internal 
pterygoid muscles. 

3. The lower jaw may rolate horizontally round an' ] 
imaginary centre, which fdls in the middle of a right 
line joining the two condyles : the masseter of the same 
side and the pterygoidei of the opposite concur in giving 
the jaw this movement with the digastrici and v 
otlier muscles attached to the os hyoi'des, the actio:) ot I 
which preserves the movement horizontal. 

By differently combining these simple modons, all the *[ 
variety of pressure which the teeth make upon the food | 
is produced. 

The OS hyoides is composed of three slight pieces of 
bone, a base and two cornua, forming a small horse-shoe 
' figure, within and behind the inore capacious curve of 
the lower jaw : upon this bone the mass of flesh which 
forms the tongue is supported. The central and largest 
muscle of the tongue is termed the genio-hyo-glossus ; 
it extends iVoni the symphysis of the jaw to the os hyoi- 
des in one direction, to the tip of the tongue in the other. 
Other muscles slant backwards from the lower jaw ta 
the OS hyoides, which, with the preceding, raise the os 
hyoides, and carry the tongue forward or laterally : the 
linguales shorten the tongue, the stylo-glossi give it 
breadth and concavity, the hyo-giossl render it convex: 
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iple is the provision for moving tliis organ to 
: parts of the fauces, whether to bruise tlie 
softer parti of the aliment against the palate, to mix it 
witli the saliva, to place it under the pressure of tlie 
teeth, to assist in determining the taste and other sensible 
qualities of bodies in contact with the finely organizetl pa- 
pillae on its mucous surface, to urge themasticated food to- 
wards the pharynx, or to give articulation to vocal sounds. 
The saliva is a limpid fluid like water, but much more 
viscid ; it has neither smell nor taste: its specific gravity 
accordingto Dr. Thomson is 1.0038. Its constituents 
according to Berzelius are as follows : 

Water 992.9 

Peculiar animal matter ... 3,9 

Mucus ].* 

Allialine muriates 1.7 

Lactate of soda and animal matter 0,9 

Pure soda 0.2 

1000.0 
The salivary glands are of an oclirey colour, and are 
composed of numerous molecules of different sizes, con- 
nected together by a very firm cellular texture. 

The parotid gland is the largest of the three : it occu- 
pies the hollow between the mastoid process of the tem- 
poral bone and the branch of the lower jaw; its duct, 
which is commonly termed the Stenonian duct, passes 
across the masseter muscle to perforate the buccinator and 
open upon the membrane of the fauces opposite to the 
middle molaris of the upper jaw. A small gland termed 
the socia paroUdis adheres to the Stenonian duct in its 
poss^e over the masseter. The portio dura traverses 
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the substance of tli& parotid gland, which appears to 
rive nerves from this source, from the superficial tem| 
ml branch of the third division of the fiflh, and from 
second cervical nerve. 

The submaxillary gland is of an oval form : it is pla^ 
above the digastrtcus between the lower jaw and the 
mylohyoideus muscle: its duel, termed the duct of Whar- 
ton, opens upon the mucous surface of the fauces at the 
side of the fraenum lingua?. The nerves of Uiis gland are 
branches from the gustatory upon which a ganglion is 
formed. 

The sublingual gland is frequently continuous with 
the posterior portion of the submaxillary gland, is ob- 
long, and placed between the mylohyoideus and the 
membrane of tlie moutli ; its principal duct£ or duct 
open into the duct of Wharton; several smaller ducts 
open from it into the furrow by the side of the tongue: 
its nerves are derived from the gustatory. 

In the case described by Dr. Gairdner, to which 
have already referred, from six to eight ounces of sail' 
were observed to be discharged during a meal, whJi 
consisted of broth injected through the divided cesophs- 
gus mto the stomach : the quantity is probably greater 
which is produced under the stimulus of ordinary masti- 
cation. With this fluid the food is mixed while under- 
going comminution in the fauces. The food acquu'es at 
the same time the temperature of the body. 

It does not appear that any notable effect is produced 
upon tlie aliment through the conjoined influence of the 
saliva and an elevated temperature. M. Krimer held in his 
mouth a slice of ham weighing a drachm for three hours. 
At the expiration of this time the morsel had become 
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Commencement of' Deglutition. 1 3 1 

'trliite upon its surTnce, and had gained twelve grains in 
reight \ Perhaps the qualities of the saliva are simply 
alculated to produce a ready mixture of the various 
^Einds of food triturated with it in the mouth, 

The nature of sensations of taste will be afterwards de- 
scribed. The gratification of the sense of taste seems 
but to whet the appetite of hunger. To allay hunger, 
deglutition takes place instinctively : we swallow the 
morsel thrown by the tongue to the back part of the 
fauces, as soon as its sapid juices have been diffused 
through the mouth, and its diminished resistance shows 
it to have attained a state fit for deglutition : — a capacious 
sac termed the phar^-nx receives it. 

The pharynx opens at the fore part, into the cavities of 
the nostrils, into the fauces, into the larynx ; it is lined 
by a prolongation of the mucous surface common to 
these threeparts: it is suspended to the basilar process of 
the occipital bone, and attached laterally to the pterygoid 
processes and cornun of the os hyoides; thence it becomes 
narrower to the first ring of the trachea, where the ali- 

^^^ ilientary canal assumes a cylindrical form, and receives 

^^Bthe name of cesophagus. 

^^H^ The muscles which raise the os hyoides raise the pha- 

^^^ rynx with it ; at the commencement of deglutition all the 
parts of tlie throat visibly ascend ; the pharynx is drawn 
upwards to receive the morsel thrust towards it by the 
pressure of the tongue: nnd one muscle, the stylo-pharyn- 
geus, which concurs in producing ili is movement, seems 
mecialty intended in addition to expand the pharynx. 

t Three muscles throw their fibres round the pharynx, 
" Versui 
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Use of the soft Palate. 



which are termed its upper, middle, and lower con- 
Btrictors : their action is such as to compress any snb--' 
stauce that has found entrance into the pharynx, and 
thus to expel it. But the pharynx is open towards se- 
veral passages, and tlte contrivances are remarkable, 
and well deserve attention, whicli limit the progress of 
the food to one direction only, and force it to descend 
towards the oesophagus, instead of making its escape by 
the nostrils, th^ fauces, or the larynx. I 

What is termed the soft palate is a flap of flexible" 
elastic substance about ^ of an inch in thickness and 
an inch in depth, which hangs as a loose curtain £i-om 
th« posterior edge of the palatine plate of the palate 
hones. The centre of its unattached margin is prolonged 
to form the uvula. Laterally two crescentic folds of mu- 
cous membrane are reflected from the soft palate to the 
sides of the tongue and pharynx : between these arches 
the tonsil gland is placed on either side, which secretes 
a viscid mucus, that becomes yellow and ropy upon 
slight inflammation. Each crescentic fold contains mus- 
cular fibres ; the anterior contains the constrictor isthmi 
faucium ; the posterior, the palato-pharyngeus : these 
muscles depress the soft palate, and narrow tlie aper- 
ture leading from the fauces. 

By these means the communication with the fauces is 
so straitened, that the pressure of the tongue readily pre- 
cludes the return of the food into the mouth when the 
constrictor superior pharyngis contracts. 

But the principal office of the soft palate in deglutidoa 
consists in protecting the posterior openings of the nos- 
trils : for this purpose it is necessary not merely that this 
flap of yielding flesh be carried before the food to the 
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[back of tlie pharynx; but that adequate tension be given 
1 to It to aiFord a competent resistance against the pressure 
of the constrictor superior pharyngis and of the tongue 
opon the morsel swallowed. Two muscles are provided 
in addition to those already described to give the tension 
required to the soft palate, namely, the levator palati mol- 
lis and the circumflexus palati : both descend obliquely 
forwards, the cartilaginous part of the Eustachian tube 
being interposed between them, from tlie extremity of the 
petrous portion of the os temporls : but wliile die former 
is directly expanded Into the substance of the soft palate, 
tlie latter is previously reflected round the hamular pro- 
cess of the sphenoid bone, and reascends to its Insertion i 
the two muscles thus become opposed In tlieir action, and 
drawing in different ways upon the soil palate, contribute 
to extend it over the pharynx behind the opening into 
the nostrils. Something of the effect of these parts in 
deglutition may be seen on pressing down the tonguei 
with the handle of a spoon, and conveying the Instru- 
ment towards the root of the tongue and the tonsils, 
when the peculiar sensibility of the back part of tlie 
fauces is excited, and an instinctive and irresistible 
action of deglutition ensues. 

The mode in which the respiratory tube is protected 
under these circmnstances can only be well understood 
in connexion with the anatomy of the larynx. The epi- 
glottis, a thin portion of elastic cartilage, rises vertically 
at the root of the tongue, and is broad enough when 
carried backwards to cover the aperture of the glottis : 
uid there Is no doubt that in ordinary deglutition this 
■ cartilage is pressed down by the food upon the orifice of 
the larynx. But the o])iglottis was removed from ani- 
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mals in the experiments of M, Majcndie, and it has bsen 
lost by disease ui haman beings, without any essential, 
pvejudice to deglutition. The security of tlie iarynx, as 
M, Majendie discovered, depends upon the contraction 
of the muscles wliich close its aperture, namely, the 
arytEcno'ideus tronsversus and 1^ arytienoidei obliquL 
While these preserve their power ol'motion, the loss of the 
epiglottis is not felt: but if they be paralyzed by the di- 
vision of the nervi laryngei interni, a part of the food 
finds its way into the larj'ox and violent coughing is 
produced each time that deglutition is attempted, even 
though the epiglottis have been left entire. 

Deglutition consists of three stages ; the passage of the 
food from the nioutit into the pharynx, from thephwyns 
into theccsopiiugus, fi-om the cesophagus into the stomach. 

The movements of pharyngeal deglutition may at any 
time be performed tlirough a conscious exertion of the 
will ; at times they seem to take place without reference 
to volition, or uncontvolably. If the movements of deglu- 
tition be voluntarily performed several times in succession 
upon nothing but the saliva, the parts become fatigued, 
and the operation cannot be immediately repeated. Un- 
der ordinary circumstances the pressure of the tongue 
against the palate-lmne, the depression of the soft palate, 
and the elevation of the pharynx in swallowing are ac- 
tions distinctly voluntary; but the action of the lower 
part of the pharynx and of the fibres of tlie cesophagus 
is attended with no conscious efforL 
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^ Oftke Alimentmy Canal belam Ike Pkimpix ; of the 
Spleen, Pancreas, and Live}; 

The alimentary caiul is a tube coiitposed of slight 
Buteriuls, of a incuilirane that secrelGs and absorbs, and 
«f muscular fibves, which encircle it and give motion to 
it£ contents. 

If a portion of the alimentary canal be ii^ected with 
«ze and vermilion through the arteries of the mesentery, 
and be preserved lor a short time in diluted spirit of wine, 
the several layers of which it consists ucquire firmness 
and become niore readily separable. If the portion tlius 
treated be inverted, the inner surface is found to be of 
an uniform scarlet colour from the minute distribution 
of capillary blood-vessels through it. Vpou making a 
shallow incision, the same degree of vascularity is not 
found to |>enetrate the substance of the part : the super- 
ficies to which it is coiifineil may be dissected off ns a 
membrane of extreme delicacy, which forms the inner or 
mucous tunic of the alimentaiy canal. 

The mucous membrane is of so slight a texture that it 
would be rent by the passage of the food, hut tli.it it co- 
heres firmly with the next or nervous tunic, a thick and 
tough layer of condensed membrane, wherein the vessels 
of tlie alimentary canal subdivide to the size of capilla- 
ries, in which dimension nione they arc distributed upon 
the mucous coat. A substratum like the tunica nervea is 
found in the pharynx and fauces. 

In some instances minute glandular bodies are found 
imbedded in the nervous coat, which open each by a 
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single orifia; upon the mucous surface. They are pro- 
bably of the same structure with the glands described as 
tbund ill the ingluvies of the ostrich : they are most nu- 
merous at the pyloric portion of the stomach, in the duo- 
denum, in the ciECun], and rectum. 

The mucous and nervous coats form together the 
toughest part of the tube when examined in the dead 
body ! they are elnstic, but not having the same power 
of contraction with the outer tunic they are usually 
thrown into folds, which disappear only at the ntmost 
distention of the alimentary canal, and have a charact&' 
ristic arrangement in each part : they are disposed as 
longitudinal plica; in the cesophagus, as irregular rugsa 
in the stomach, as flat transverse folds, called vaJvulaa 
conniventes, in the small intestine, as shallow rugte in 
tlie great intestine. The mucous membrane of Uie osso- 
phagus is not very vascular ; it is raised into innumerable 
delicate eminences or papillae, and frequently has a dis- 
tinct cuticulav hning, which terminates abruptly at tJie 
cardia. The mucous membrane of the stomach and 
small intestines presents the highest degree of vascula- 
rity, and is covered with little nodular or shreddy pro- 
cesses termed villi, whence the membrane derives its name 
of tunica villosa. The mucous coat in the great intestines 
is of a more soft and pulpy fabric than elsewhere. 

The muscular fibres of the alimentary canal are of a 
grey colour ; they are disposed transversely so as to en- 
circle the tubtdar membranes which they cover. There 
are three distinct series of these fibres. One invests the 
cesophagus, and blends above with the fibres of the con- 
strictor inferior pharyngis, below, with the fibres of the 
stomach : a second begins at the fimdus nf the stomach, 



I 




its Mode ofSt-nsibiUl^. 137 

and terminates at the valvula coli : a third commences at 
' the extremity of the caecum, and terminates at the amis. 
Towai'ds either extremity of the alimentary cana!, where 
the tube has less importance as an organ of secretion and 
absoi-ption, and has litde use but as an organ of trans- 
mission, an outer layer of longitudinal fibres is added, 
which forms a thick coat Investing the cesophagus and 
the i-ectmn : the former series is lost upon the stomach, 
the latter ascends to the caput coli in three narrow bands, 
the shortness of which is the cause of the sacculated 
form of the colon. 

The alimentary canal is supplied with nerves from the 
par vagum, the sympatlietic, and sacral nerves. At the 
upper part, which the par vagum especially supplies, 
and at the lower, to which branches of the sacral nerves 
are distributed, common sensation is manifested in the 
natural state : the presence of the contents of the tube is 
felt. The intermediate parts have not the same kind of 
sensibility: when the small intestines are exposed and 
handled in a surgical operation, no sensation appears 
to be excited. 

The principle of irritability in the stomach and bowels 
is iniperfecdy understood. Upon opening an animal 
soon after death, the bowels are seen to begin to move; 
the cold air seems to excite a series of contractions in 
theii- circular fibres; at one point the bowels become 
constricted, then the muscular lacerii of the next portion 
appear to act, then of the next, and so on in succession. 
The parts beyond become distended by the propulsion 
of the intestinal contents, and as they lie in folds their 
curves become altered, and a kind of progressive motion 
seems given to the bowelS) to which the term vermicular 
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movement is applied: the term peristaltic movement is 
employed with the same meaning. If a portion of the 
bowels be detached from the body immediately atler 
death, the veraiiculnr motion is observed to commence 
in it at intervals ; or if it be pinched at any part, the ver- 
micular action follows directly and proceeds slowly from 
fibre to fibre. 

If a portion of the bowel be cut half through, the con- 
traction of the muscular fibres expands the wound and 
everts the mucous membrane at its edges. 

If the nerves be pinched, that are distributed to th« 
alimentary canal below the cesophagus, no movement of 
the muscular fibre ensues. 

If the nervus vagus be pinched in the neck, a sudden 
shortening and spasm of the ccsophagus takes place, and 
immediately after, a second slower contraction more re- 
sembling that of the bowel is observed, which is followed 
by a slow relaxation and expansion of the part. The 
stomach near the oesophagus exhibits at the same time 
a slight action of its fibres. 

But whether the fibres of the alimentary canal below 
the oesophagus are stimulated through their nerves to 
action, or wlietiier the contact of the contents of th« 
bowel be the physical stimulus which determines its 
action, and whether the will operate in exciting llie 
peristaltic action of the bowels indirectly, through pres- 
stire exerted upon them by the muscles of the abdomen, 
pelvis, and diaphragm, nre at present subjects of mere 
conjecture: but the latter suppositions appear more 
probable than tlie firsL 

The oesophagus descends before the spine in the pos» 
terior cavity of the mediastinum, and enters the abdomw- 
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through s specific aperture in tlie lesser muscle of the 
diaphragm. 

The cavity of the abdomen occupies nearly die whole 
I of the trunk below the junction of the xiphoid cartilage 
J with the sternum : its extensive surface is divided into 
an epigastric, umbilical) and hypogastric region in front, 
and an hypochondriac and lumbar region on either side. 
The vaulted roof of the abdomen is formed by the dia- 
phragm ; laterally its snpports are the abdominal muscles, 
which extend from the spine to the linea alba : the con- 
tents of the abdomen rest upon the pubes, or upon the 
I &sciee, ligaments, and muscles of the lower outlet of tha 
I pelvis. 

AVhen the cavity of the abdomen is laid freely open, 
the liver is seen to occupy the riglit hypochondriuni and 
part of the left and of the epigastrium ; the spleen to be 
placed in the left hypochondrium ; between these fleshy 
viscera, the stomach ; and below, the numerous folds of 
the bowels; but all present a similar glistening and lu- 
bricated surface. One ample serous membrane, called 
the peritoneum, resembling the pleura in its texture and 
offices, is spread over the whole, confining some of the 
bowels closely to the spine, but attaching others by long 
ligaments, so that they freely change their place in the 
abdominal cavity, as their curves are variously unfolded 
during the transmission of their contents. 

As soon as the cesophagus has entered the abdomen 
upon the left side of the tenth dorsal vertebra, it opens 
into a capacious conical sac, called the stomach, near to 
its large end or fundus, which is lodged in the left hy- 
I pochondriuni. The narrow end of the stomach is dra 
Lap towards the liver by the lesser omentum and capsule 
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of Glisson. The orifice at which the cesophagus opens 
is termed the cardia of the stomach ; tlie orifice which 
communicates with the small intestines is termed the 
pylorus. The stomach lies in the two hypochondria,] 
and the epigastrium : when it becomes distended, it rises:, 
revolving upon its cardiac and pyloric attachments, andt 
presenting forwards its unattached convex margin m the. 
epigastrium. 

The small intestine is a tube of gi'ent length, about 
four times the length of the body. A short piece when 
inflated appears cylindrical, but the bowel is really co- 
nical. The small intestine continually but insensibly 
diminishes from the pylorus to the valvula coli in ca- 
pacity, in thickness, in vascularity, in the size of its villi) 
in the depth and number of its valvules conniventes. 
The first portion of the small intestine, termed the duo- 
denum, is about twelve inches in length, and closely tied 
down to the back by the peritoneum, which imperfectly 
covers it: the duodenum extends first to the right side, 
then downwards before the right kidney, then obliquely 
across the spine towards the left. The remaining, por- 
tion of the small intestine is attached to the spine by a 
deep fold of doubled peritotieum, called the mesentery, 
which allows of ample play to tlie convolutions of the 
bowels. The root of the mesentery extends from the 
left side of the second lumbar vertebra to near the right 
groin : the mesentery conveys die vessels and nerves of 
the small intestine, the upper two-fifths of which below 
the duodenum are termed jejunum, the three lower ileum. 

The small intestine opens into the great intestine, as 
the cesophagus opens into the stomach, leaving a sorf of, 
fundus termed the ciBcum upon the left side. The cse- 



I 



Oft/ieg}'ea/ Intestines. HI 

cum varies in length from two inches to six; from its ex- 
tremity tbe appentlix cteci vermiformis is produced. 

The first five feet of the great iiitestine are termed the 
colon, and the caecum is otherwise termed the caput 
coli. The colon is distinguished by its capacious size, 
its appendices epiploi'cic, its longitudinal bands, its sac- 
culated appearance; and b divided into an ascending 
portion, a transverse portion or arch, a descending por- 
I tion, and a sigmoidal ilexure, which terminates in the 
rectum. 

Mr. Abernethy met with the following curious mal- 
formation of the bowels in the body of a boy, which 
measured four feet three inches in lengtli, was well 
formed, and had limbs moderately large, yet fiaccid, as 
if wasted by recent disease. The duodenum, jejunum, 
and ileum, when detached from the body, measured only 
two feet in length : the great intestines, which were con- 
siderably distended, so as to be three inches in diameter, 
were four feet in length '. 

The spleen is a flattened oval viscus, coloured by the 
blood which it contains, and adherent to the fundus of 
the stomach. The splenic artery is large and tortuous, 
and divides into branches previously to entering the 
gland, from which five or six small vessels termed vasa 
brevia are reflected to the stomach. The splenic nerves 
I are derived from the cceliac plexus. It occasionally 
happens that one or more small glands exactly like the 
spleen in appearance, are met with in the 
majus below the spleen. 

3 texture of tlie spleen is remarkably t 
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tears like a congeries of membranous cells filled witii 
tlotted blood. Upon making a clean section of a recent 
spleen taken from a <)og or cat, (and I believe that the 
appearance is common to all warm-blooded animals,) it 
appears studded with small cells which contain a thick 
opake whitish fluid. 

It is well known thai the spleen may be retnovl 
without any serious efect being prodticed on the system.' 
A dog, from which I removed the spleen twenty-eight 
months since, became upon recovering from the woond, 
&tterthan before: at present there is no essentialdiiiference 
in its appearance or habits from those of other dogs. 

The pancreas is an elongated gland which lies ot»- 
iiquely across the ventral aorta; it has commonly two' 
ducts, the larger of which opens into the duodenum 
with theductuscommunischoledocbus; thesmaller either 
opens into the greater, or into the duodenum at an inch 
distance from it. The pancreas is of the same eolotir 
and texture with the parotid and submaxillary glands, 
and the fluid it secretes accurately resembles the saliva. 
Its arteries are derived from branches of die cceliaC) its 
nerves from tlie coeliac plexus. 

TTie form of the liver, the shallow fissures which se- 
parate its sm-face into lobes and lobules, have reference 
only to its commodious adaptation to the neighbouring 
parts, and have no physiological interest. The laxness 
of the ligamentum latum must allow the liver to shift ita ■ 
position in some degree in the various postures of t 
body. The texture of the liver is brittle : the granul4| 
of which it is composed are of the size ofmustard-seedsg 
from each of them one or more fine tubes emerge, I 
the union of which with those adjoining the right anil 
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left hepatic duct^ nre Tormeil; tliese again coalesce to 
form the common hepatic duct. 

From the common hepatic duct the cystic duct is re- 
flected at an acute angle; it enlarges, becomes tortuous, 
and expands to form the gall-bladder. The gall-bladder 
is contained between the peritoneum and the liver; it 
consists of a white Jibrous coat, and a thin mucous tunic 
which lies in line reticular rugse. 

The ductus communis choledochus is the common 
trunk derived from the cystic and the hepatic duct to 
the duodenum, which It perforates obliquely at about 
three inches from the pylorus. 

The liver receives blood from two sources. The right 
and left hepatic arteries are derived from the ccetiac; 
they are small in proportion to die magnitude of the 
viscus. But the veins which return from the spleen and 
pancreas, from the stomach and bowels, unite Ky form a 
large trimk, termed the vena portte, which likewise enters 
the liver at its transverse fissure, and is distributed after 
the manner of an artery throughout the substance of the 
liver. The capillary branches of die hepatic arteries and 
of the vena portre communicate very freely, so that a fine 
injection passes very readily from the one system into the 
other. The veins which cany blood ft-om the liver are 
termed venie cavte hepaticce : they consist of three or four 
large trunks, which open from the back and central part 
of the liver into the ascending cava. Fluids injected into 
the artery or vena porta? readily pass into the venae cavie 
hepatica^ and into the hepatic ducts. The connection 
of the vessels and bihaiy ducts is unknown. The nerves 
of the liver are derived from the par vagum, the phrenic 
nerves, and the semilunar ganglia. The absorbents of 
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the liver in part join the thoracic duct in the abdoinei 
in part perforate the diaphragm, and ascend in the bi 
lerior cavity of the mediastinum. 

The bile is the secretion of the liver ; the gall-bladdi 
appears intended as a reservoir in which the bill 
tained when not needed in the small intestine: the bile is 
supposed to become inspissated during its stay in the gall- 
bladder through the absorption of its aqueous parts. 

The bile is sometimes green, sometimes of a yellowish 
brown, sometimes nearly colourless. Its taste is not very 
bitter. It is seldom completely liquid, but usually con- 
tains some yellow matter suspended iu it. ^ When eva- 
porated to dryness, it leaves a brown matter amounting 
to about f^ of the original weighf". 

The following are tlie constituents which Berzelius- 
found in human bile. 

Water 908.* 

Picromel 80.0 

Albumen S.O 

Soda 4.1 

Phosphate of lime O.l 

Common salt . 3.4 

Phosphate of soda with some lime . 1.0 

1000.0 

It appears that the secretion of bile may take place 
from arterial blood. Mr. Abemethy mentions having 
examined the body of a female infant, which measured 
two feet in length, and seemed about ten months 
old. The muscles of the child were large and firm, 

' Thomson's Chemistry, vol. \v. p. Sis. 
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and covered by a considerable cjuantitj' of healthy I'at ; 
and the appeai-ance of the body strongly implied dmt 
the chiJd had, when hving, possessed much vigour of 
constitution. Tlie hvLT wits of the ordinary size, but 
had not the nsual inclination to the right side of the 
body; it was situated in the middle of the upper part of 
tile abdomen, and nearly an equal portion of the gland 
extended into either hypochondrium. The gall-bladder 
lay collapsed in its usual bituation : it was of a natural 
Etructure, but rather smaller than common. It con- 
tained about a tea-spoonful of bile, in colour resembling 
the bile of children, being of a deep yellow ; it also tasted 
like bile : it was bitter, but not so acridly or nauseously 
bitter as common bile. But in this infant the vena por- 
tas terminated in the mferior cava, and the entire sup- 
ply of blood to the liver was derived through an hepatic 
artery larger than common'. 

On the other hand, the recent experiments of M. Si- 
mon upon pigeons have shown that when the hepatic 
artery is tied, the secretion of bile continues ; but that if 
the veins of the porta and the hepatic canals be tied, no 
trace of bile is subsequently found in die liver : several 
pigeons survived the latter operation for six-and-thirty 
hours. In these animals it therefore appears that the 
secretion of bile takes place from venous blood. 

M. Simon observed that when the hepatic ducts alone 
were tied, the liver became choked up and filled with 
globules of a green tint ; and that Uiis colour was dif- 
fused over the whole surface of the organ, and alTected 
the adjoining parts : it is extremely remarkable that in 
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from ten to twenty hours after tliis experiment, the anim^ 
discharged by the acits matter absolutely green, a 
the colour of the bile, with which the liver was 
loaded ; — and it seems not unreasonable to suppose that 
this appearance residted from a vicarious secretion from 
the kidneys ^ 

Perhaps we are bound to attribute the secretion of 
bile in human beings both to the artery and to the vein : 
that the venous blood returned from the bowels will 
serve, we may presume from the experiments narrated; 
and to employ it as far as it will ^o, upon this object, ii 
consistent with the wise (economy of Nature. 



Section 3. 

Of the Formatiati nf Chymt. 

The progress of the food along the cesophagus is atH 
tended with sensation : it appears to be slow but uninteio 1 
Tupted, unless the solid part of the food be swallowed in 
morsels too large or hurriedly, when a draught of liquid 
is required to overcome the painful sense of obstruc- 
tion which arises, and to facilitate the passage of the 
aliment towards the stomach by lubricating the surface of 
the canal. The fibres of the upper part of the cesophagus 
become relaxed as soon as die food has pas.sed ; but those 
belonging to the lower tiiird of the tube remain firmly 
contracted for several seconds after its contents are ex- 
pelled, M. Halle observed in a woman afflicted by a 
malady which permitted the interior of the stomach to 

' Edinburgh Journal of Medical Science No. I. p. aw 
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be seen, that at each entrance of food hito the stomach 
the inner membranes were partially everted, so as to form 
a circular fold at the margin of the cardia. The sen- 
sations excited upon the (esophagus by pressure, lace- 
ration, and differences of temperature, eicactly resemble 
those of the skin on similar occasions. This mode of 
sensibihty appears to terminate at the cardia. The sto- 
mach seems to have no sensation excited by the contact 
of the food, unless it be the very obscure sensation of 
cold, which is referred to the epigastrium upon swallow- 
ing liquids at a low temperature. 

The stomach easily dilates towards the cardiac ex- 
tremity. At one-third of its length from the pylorus, a 
remarkable contraction takes place upon the commence- 
ment of digestion, which divides the organ temporarily 
into two chambers. As the food accumulates within the 
cardiac portion, the stomach becomes prominent in the 
epigastrium, the abdomen is distended, the diaphragm 
cannot descend as readily as before, the inspirations are 
shorter and more frequent, the exertion of the voice be- 
comes a greater effort, the neighbouring viscera are 
compressed, and the tendency to evacuate their contents 
is increased. To prevent the reflux of foot! along die 
oesophagus under these circumstances, its muscular iibres 
are observed to fall into frequent contractions, which for 
the most part take place at the periods of inspiration, 
when die pressure upon the abdomen is the greatest. 

The food coUectcd in the great end of the stomach is 
exposed to the influence of varjing pressure, of the par- 
tial contact of a living surface, and of the secretions of 
the stomach and fauces at a temperature of 97° or 98°. 

Under these circumstances tlie food appears gradually 
l2 
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lo dissolve into a tliick fluid, termed chj'nie, whicli ii 
described as an unilbrm greyish pulp, more or less viscidf . 
sweetish, acidulated, but varying in its qualities with tlia i 
nature of the food from wliich it has been fomied. Mr. 
Brodie mentions that in die stomach of a cat the lean or 
muscular part of animal food is converted into a brown 
fluid of the consistence of thin cream: while milk is first 
separated into its two constituent parts of coagulum and 
whey, the former of which is afterwards redissolved, 
end the whole converted into a fluid substance, with 
very minute portions of coagulum floating in it*. 

Dr. ProQt describes the chyme of a dog fed on vege- 
table food (principally bread) as composed of a semifluid 
opake yellowish white part, containing another portioa 
of similar coloui', but of firmer consistence mixed with 
it It showed no traces of a free acid or alkali, but co- 
agulated milk completely, when assisted by a gentle heaL 
The chyme of a dog fed upon animal food was found by 
Dr. Prout to be njore thick and viscid than the prece- 
dbg, and its colour more inclining to red. It showed no 
traces of a free acid or alkali, nor did it coagulate milk, 
even when assisted by the most favourable circumstances. 
But these specimens of chyme were taken from the duo- 
denum, and already impregnated witli bile ''. 

The outer portion of a mass of food lying in the sto- 
mach is found to be the first converted into chyme: tlie 
chyme is observed gradually to accumulate at the pyloric 
portion of the organ. Dr. Wilson Philip mentions tliat 
when fresh food is taken into the stomach during digestion, 

' Quarterly Journal, No. xKviii. p. 34a. 
^ Aniult of Philoiopfay, vol. iii. p, jg. 
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I St remains for n time distinct from and unmixed with that 
' already partially dissolved; and that in rabbi is there is 
a remarkable difference in the degree of fluidity of the 
contents of the two extremities of the stomach, tie con- 
tents of the pyloric portion being uniformly drier than 
those of the splenic portion. 

Some individuals possess the power of throwing up at 
will without any preceding nausea the contents of the 
stomach. The effort, by which this is accomplished, 
consists in making steady pressure with the diaphragm 
upon the stomach : in the course of a few seconds the 
mouth is filled with the contents of the stomach. By 
means of this process rumination may be exactly imi- 
tated. If a portion that has been s, second time mas- 
ticated be again swallowed, and aiiotlier portion of food 
I be forced from the stomach, it is found not to contain 
that which had been twice swallowed, but to resemble 
the food first thrown up. In half-an-hour the aliment 
returned in this way appears to have undergone no 
change in flavour. After three or four hours what re- 
mains in the stomach cannot be thrown up without a 
painful effort: it is of a fluid consistence and uniformly 
acid. 

About four or five hours may be supposed to be the 
ordinary time in which the conversion of a meal into 
chyme is effected. M. Richerand mentions that a woman, 
who had a fistulous ulcer in the stomach at ^ of its length 
from the pylorus, habitually discharged chyme through 
the aperture between 3 and 4 hours after a meal. She 
was irresistibly led to remove the dressings from the part 
at this time. The chyme issued rapidly with a noise and 
an expulsion of gas. 
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M. Chevreu) analyzed gas procured from the stc 
of an executed crimiaa], and found it to consbt uf 

Oxygen 11,00 

Carbonic acid . . . 14.00 

Hydrogen .... 3.S5 

Nitrogen 71.45 



The quickness of the conversion into chyme depends 
in a great degree upon the nature of the food. Accord- 
ing to the observations of M. Majendie, fat, tendon, car- 
tilage, coagulated albumen, mucilaginous and sugary 
vegetables resist tlie action of the stomacli longer than 
fibrinous and glutinous substances. In experiments 
made by Sir Astley Cooper, iat waslbund to be digested 
in the stomach of a dog considerably more rapidly than 
muscular flesh, than cheese, tlian skin, cartilage, tendon, 
or bone, eacb of which had lost less in weight than the 
preceding in a given time through the influence of the 
gastric secretion '. 

An imperfect mastication of food renders the process 
of cliymification slower, ^'iolent exercise immediately 
upon a meal suspends the production of chyme, and is 
liable to cause nausea and vomiting. The recumbent 
position retards the formation of chyme: sleep retards itt I 
gentle exercise with hilarity of mind promotes it. ' 

As the conversion of the food into chyme proceeds, 
the sensation of fiLllness and the disinclination to exertion 
which ensue upon a hearty meal gradually wear off; 
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and the system recovers from tlie general languor and 
oppression of other functions, which seem to exist during 
the commencement of digestion. 

Of the various influences to which the food is submit- 
ted in the stomach, tlie contact of a hving surface and 
the pressure of its parietes appear not to be essential to 
the production of chyme; exposure to the juices of the 
stomach at the temperature of the body seems alone suf- 
ficient for this object. 

Spallanzani contrived to throw up by vomiting me- 
chanisally excited a tube perforated with holes, contain- 
ing beef, which he bod swallowed four hours before ; 
the flesh was thoroughly soaked with the fluid of the 
stomach, and its surface was soil and gelatinous : it had 
moreover wasted from fifty-lhree to tliirty-eight grains *. 

Dr. fitevens found that when a hollow silver sphere, 
containing raw or cooked flesh or vegetables, and perfo- 
rated with holes that would admit a crow-quill, was 
swallowed by a person practised in swallowing pebbles, 
it was voided in about forty hours perfectly empty. 

Mr. Hunter observed that the splenic portion of the hu- 
man stomach is occasionally found softened, and partiiilly 
or wholly dissolved, after death. In the latter case, the 
edges of the opening appear pulpy, tender, and ragged ; 
and the parts adjacent to the stomach, the spleen, the 
diaphragm, and even the lung, are sometimes aflected '. 
No one accustomed lo dissection but has verified these 
observations to a greater or less extenL Dr. W. Philip 
particularly describes a similar appearance in the sto- 



DisKrtntione, &c. \a\. \. p. S31. 
Hunter on the Animal (Economy, p. Uf9. 




153 Properties attributed 

raachs of rabbits when killed after taking food ; and re- 
mnrks the singularity of this occurrence in nnimals habi- 
lutited to llie digestion of vegetable matter only. 

Tlie gastric juice, by which these effects are operated, 
is a mixture of the saliva with the mucus of the stomach, i 
Chemical analysis throws no light upon its agency, 

A M. Pinel is one of those, who can at will lhrow( 
lip the contents of the stomach. Liquid, which was thi 
procured in the morning befi>re breakfast to the quan-j 
tily of three ounces was found by M. Tlienard to consist 
of a large proportion of water, some mucus, and salts 
soda and lime; at one time the liquid so obtained w 
acid, at another time it bore no trace of acid. 

Spallanzani procured gastric juice from his own sto- 
mach by exciting vomiting mechanically : the liquid bo 
obtainedwusfrothyandsomewhatglutinous, a little salt to 
the taste, but not at nil bitter. Some of this was put into 
a glass tube with boiled beef that had been masticated 
the tube was then hermetically sealed, and exposed near 
a fire to a considerable heat, though not perhaps exactly! 
equal to the temperature of the stomach. By the sidei 
of this tube was placed another, containing the 
quantity of flesh immersed in water. The subsequent 
appearances in both were the following. In twelve hours 
the flesh in the former began to lose its fibrous structure, 
and in thirty-five hours had lost its consistence : to the 
naked eye it appeared to be reduced to a piiltaccous mas^ 
and to hove lost its fibrous texture ; but a microscope 
rendered fibres visible. After this semifluid mass had 
contijioed two days longer in tlie gastric fluid, the solu- 
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flesh did not emit the least bad Emell, while that im- 
mersed in water was putrid in sixteen hours. 

M. Montegre denies that an artificial digestion can he 
produced in any degree by the gastric fluid taken out of 
tlie body; or that the gastric fluid possesses any antiseptic 
properties. Dr. Fordyce again asserted the latter point, 
upon the authority of direct experiment; and Mr. Thuck- 
rah again denies it, upon the same kind of evidence. 

But the coagulation of albuminous fluids is admitted 
at all hands to be produced by the gAstric juice or by 
the coats of the stomach. What is termed rennet con- 
sists of an infusion of the digestive stomach of the calf; 
by adding this to milk, the albuminous part is con- 
verted into curd. Dr. Fordyce mentions that six or 
seven grains of the inner coat of the stomach infused in 
water gave a liquor which coagulated more than a hun- 
dred ounces of milk *". 

In what degree digestion Is under the influence of the 
nervous system is an inquiiy that has led to numerous 
experiments. 

It appears sufEciently established that digestion is 
independent of the agency of the nervt vagi, when these 
nerves are divided so as to interfere as little as pos- 
sible witli the functions of other organs besides the sto- 
mach. 

Mr. Brodie divided the par vagum upon the cardia of 
the stomach, and found that the operation did not pre- 
vent the conversion of the iood into chyme, 
■ M. Majendie exposed the par vagum upon the oeso- 
lihagus immediately above the diaphragm, after taking 
out a portion of a rib, and divided the nerves. The animal 






w thencMipefledlowmB— fao«t winch «h faood b| 
be cocTened ioto ebrfiae, and to loniiah lAerwards an 
■bondBiU q uaiitkj f of diTfe". 

Wben^ bowcTO', tbc nern t^ ue divided in the 
lled^ tiM pfodocbOD oT cfayme appears very imperieot 
in those cases wboein it is not entircl* pteTented ; but 
it is probable ibat these results ensue iDdirectly and are 
to be attributed u> the dersogemeDt of other functions. 
The researcbei of Dr. \V. Philip, ctHtfirmed by those of 
M^L Breschet, Edw&rd^ and Tavassour. tend to make 
it appear that the galvanic infloence directed upon the 
■tomach after the division of the nervi ragi in the neck 
restores its digestive properties ; and that the removal of 
a portion of each nervus Tagus interferes with digestioa 
considerably more than the simple division of these nerves. 
But whatever light has been thrown upon this subject 
generally by the researches of the pbj'siolc^ts I have 
mentioned, and by the experioieDts of Mr. Brougblou 
and of Mr. Cutler, we roust admit that it r 
volved in great un certain tj'. 

It appears from experiments by M. Majendie, thai 
when the cerebrum and great pan of the cerebellum 
have been removed in ducks, the instinct of seeking 
food is lost in every instance, and the instinct of deglu- 
tition in many ; nevertheless, food that has been intr 
duccd into the stomach is found to be digested. 

The division of the sympathetic nerves iu the neck fl 
rabbits produces no apparent disturbance of any func- 
tion. The influence of the splanchnic nerves and of the 
semilunar ganglia has not, that I know o 
the lest of experiment. 
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A historj' of the functions of the stomach would be in- 
complete without an account of the means by which it 
relieves itself of ofTendiug matter. 

In 1686 it appears that M. Chirac determined by ex- 
periment that the stomach is passive during vomiting. 
Corrosive sublimate was given to a dog upon bread, 
which was almost immediately dirown up, but nausea 
and violent retching continued. Upon exposing the 
cavity of the abdomen, the stomach exhibited a peristaltic 
motion so feeble as to persuade the operator tliat the 
expulsion of its contents could not result from this cause. 
The wound in the abdomen was then closed; and while 
the animal continued its efforts to vomit, tl^ie finger was 
introduced and applied to the stomach, which was found 
to remain free from contraction, and only to be flattened 
and compressed by the abdominal muscles and dia- 
I phragm, at each effort to expel its contents. 
I Subsequently, however, the opinion of several physi- 
ologists seemed to incline to the supposition that the 
fibres of the stomach are the principal agents in vomit- 
ing. Lieutaud and Haller were of this party. But others 
from the time of Chirac to Hunter continued to hold the 
first opinion. 

" In vomiting," Mr. Hunter observes, " the muscles 
of the cavity of the abdomen act, in wliich is to be in- 
cluded the diaphragm; so that the capacity of tiie abdo- 
men is lessened, and the action of the diaphragm rather 
raises the ribs ; and there is also an attempt to raise them 
by their proper, muscles, to make a kind of vacuum in 
the thorax, that the oesophagus may be rather opened 
than shut, while the glottis is shut so as to let no air mto 
the lungs. The muscles of the throat and fauces act to 
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dilate the fauces, which is easily felt by the hand, making 
there a vacuum, or what is commonly called a suction ; 
so that when all these actions take place together, the 
stomach is immediately emptied °." 

The following experiments by M. Majendie confirm 
the opinion of Chirac and Hunter; they include the no- 
tice of an additional fact, which Dr. Haighton had ob- 
served, that thedi vision of the par vagum does not prevent 
vomiting, and present other curious matler for reflection. 

Tf two grains of tartarized antimony dissolve<l in an 
ounce and a half of water be thrown into the crurai vein 
of a dog, nausea is produced almost instantaneously ; if 
the stomach be then drawn through a wound in tlie ab- 
domen, the spasm of retching takes place in the dia- 
phragm and abdominal muscles, but the stomach re- 
mains witliout movement, and no vomiting ensues. If 
the stomach be. tlien replaced in the cavity of the ab- 
domen, it may be felt by the finger applied to it to re- 
main relaxed, at the time that its contents are expelled 
through the renewed efforts of retching. 

If the nervi vagi be divided, and the emetic substance 
be introduced as above, nausea and vomiting follow. 

If the abdominal muscles be removed leaving the 
linea alba entire, upon the injection of the emetic sub- 
stance nausea and vomiting take place, the stomach be- 
ing compressed between the diaphragm and linea alba. 

If the phrenic nerves be divided, and the emetic sub- 
stance injected, nausea occurs, and vomiting, but more 
feebly than in the preceding experiment. The diaphragm 
receives a few twigs from the eleventh and twelfth dorsal 
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nerves, which enable it to act partially in opposition to 
the abduminal niuscles. 

Finally, if the stomach be removed, and a. pig's blad- 
der substituted in its place communicating artificinllj 
with the ccsophagus, the injection of tartarized antimony 
into a vein is followed by nausea, by retching, and the ex- 
pulsion of the contents of the bladder by the fauces. 

Animals are observed instinctively to swallow a large 
quantity of air previously to vomiting, which acts like 
the draughts of liquid prescribed after an emetic by 
distending the stomach ; so that it resists the spasm of 
the tliaphragm and abdominal muscles, and |>revents the 
necessity for their extreme and painful contraction ". 

The stomach is remarkable for its sympathies. A 
blow upon the head produces nausea and vomiting ; in- 
digestion produces irritation in the lungs, palpitation of 
the heart, clouded intellect and depression of spirits ; a 
violent blow on the stomach is instantly fatal. 



0/tke Formation of Chyle. 

As fast as the chyme accumulates in the pyloric ex- 
tiemity of the stomach, it is carried into the duodenum ; 
so that two or three ounces of chyme form the largest 
quantity ever found in the part of the stomach adjoining 
the pylorus. Upon watching the passage of tlie chyme 
into the small intestine, the peristaltic action is observed 
to commence upon the duodenum and to be carried back- 
wards towards the stomach : then a vermicular action 
upon the stomach, and is continued over the 
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pyloruD to tlte duodenum, carrjiiig chyme before ib 1 
These phenomena are repealed at inten'als, and ar« nOt-^ 
observed to be suspended by the section ot the par vi 

What is termed the valve of the pylorus consists of 
muscular fibres triple the thickness of the muscular coat 
of the stomach, which form a strong circular band pro- 
jecting into the alimentary canal. Themucous passage 
is so much the more straitened by the projecting fibres 
of tlie valve, that the alimentary canal is exteraally much 
narrower at this part than elsewhere. 

When air is blown into the duodenum, it readily finds 
its way into the stomach ; but if blown from the oesopha- 
gus into the stomach, the latter yields to a great degree 
of distension before the pylorus allows of the passage of 
air into the duodenum. 

Upon entering the duodenum the chyme becomea 
mixed with the bile, the pancreatic secretion, and the 
mucus of the intestine. The latter is viscid, of a salt and 
acid savour, and quickly renewed, when wiped fi^m the 
surface of the bowel. 

The bile in living animals is seen to exude fixim the 
ductus choledochus at intervals, a drop appearing at the 
orifice and diffusing itself over the neighbouring sui^ 
face, about twice in a minute. The pancreatic secretion 
is yet slower in its separation from the gland when thus 
examined. The bile quickly imparts its sensible quali- 
ties to the chyme, — its colour and bitterness. In a short i 
time a spontaneous change is observed to take place iK 1 
the compound. It separates into a whitisli tenacioiu % 
liquid termed chyle, and a yellow pulp. The former 
is the recrementitious part of the aliment ; the latter, 
the excrementitious portion, which after undergoing a 
further change is to be eliminated. Both together i 
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slowly carried along the small intestineSj iKe viscid chyle 
adhering to the villi, and being detained in the furrows 
between the valvulie conniventes ; the excrementitious 
part finally reaching the colon. The chyle gradually 
disappears in its passage along the small intestines, being 
absorbed by vessels, which, with their contents, will be 
described in the following chapter. 

According to M. Majendie, there appear upon the 
contents of the duodenum, when derived from the diges- 
tion of animal or vegetable matter containing fat or oil, 
irregular filaments, sometimes flattened, sometimes 
rounded, which attach themselves to the villi. But un- 
der other circumstances a viscid greyish substance is 
found, that forms a layer of greater or less thickjiess, 
which adheres to the mucous membrane, and seems to 
contain the elements of the chyle. 

The bile has probably a triple use; to assist directly 
in the production of the chyle ; to excite tlie action of 
the bowels ; while part like the urine may be essentially 
excrementitious, and blending with the refuse pordon of 
the food may be thus conveniently got rid of. 

Mr. Brodie ascertained that when the ductus chole- 
dochus is tied in young cats, the formation of diyle is to- 
tally prevented. The production of chyme under these 
circumstances takes place in the stomach as usual; and 
the small intestines are found to contain a semifluid sub- 
stance resenibhng the chyme found in the stoniacli ; but 
it appears not to undergo the process of decomposition 
which commonly takes place in the duodenum. It b 
however found of a thicker consistence in proportion to 
the distance from tl>e pylorus, and near the termination 
of the ileum there remains only a consistent substance 
differing in appearance from ordinary feces. 
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M. Majenclie lius subsequently repeated this experi'l 
ment upon adult animals, and found that few survivedj 
the operation : but in two esses, where the animals out-; I 
lived the experiment for several days, white chyle was \ 
formed, and fecal matter produced but not of the 
colour. In these cases the animals hod not become 
tinged with yellow, while in Mr. Brodie's experiments 
the animals became jaundiced, the tunica conjunctiva 
acquired a yellow colour, and bile was seen in the urine ". 

These contradictory results are exceedingly perplex- 
ing ; as it is no less impossible to doubt the exactness 
of M. Mojendie's observations thnn the fidelity of Mr. 
Brodie's. 

M. Majendie found on introducing apiece of raw flesh 
into the duodenum of a healthy dog, that in an hour it had 
been carried to tlie rectum, with no further change tlian- 
B. discoloration of its surface. Upon fixing a morsel of 
flesh in the small intestine with a thread, after the lapse 
of three liours it appeared to have lost about half its 
weight : the fibrin had been principally removed : what 
was left was entirely cellular, and remarkably fcetid. 

Gas obtained from the small hitestiiies of criminals 
executed shordy after a repast was found by M. Chev- 
reul to contain no oxygen. In the two first cases in the 
following table, the repast had preceded execudon two., 
hours : in the tliird, it had preceded death four hours. 
Carbonic Arid. Hi/drogen. Nilrtigen. 

1st . 24.39 + 55.53 + 20.08 = 100 

2nd . 40.00 + 51.15 + 8.85 = 100 

3rd , 25.00 + 8.40 + 66.60 = 100 
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Analysis of Chyme. 1 6 1 

In the piecetiing section the appearances of the con- 
tents of the duodenum are described from Dr. Prout's 
researches upon the compurative produce of animal and 
vegetable food. The com))osition of the two sorts oi' 
chyme represented in a tabular view is the following. 

Frum Vegrtablefiiod. From Aiih-al/ood. 

A. Water .... 86.5 . . . 80.0 






B. Chyme, &c. . . . 

C. Albuminous matter 

D. Biliary principle 

E. Vegetable gluten 

F. Saline matters , . 

G. Insoluble residuum . 



lOO.U 
1 as follow 



1.5.8 



100.0 



These results were obtainei 

Water. The quantity of water present was ascertained 
by evaporating to dryness a known weight of e^ch of the 
specimens upon awater-balh. 

Chjfmous Principle, S^c. The proportion of this ele- 
ment was determined by adding acetic acid to a known 
quantity of the mass, and boiling them together for some 
time. The solid result thus obtained was then collected 
and dried as before. It consisted partly of a precipitate 
composed of the digested alimentary matter apparently 
combined with the gastric secretion, and partly of un- 
dissolved and excrementitious alimentai-y matter. Dr. 
Prout con^dered this as the chyme, in which the albu- 
minous principle was not yet so completely formed or 
developed as to be recognized, mixed with excrementi- 
tious matter. 

Albttminous Matter, S^c. After the above had been re- 
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moved by filtrEition, prussiate of potash was added to the 
acetic solution, which in the chyme from vegetable food 
produced no precipitate, indicating the absence of albu- 
men ; but in the cliyme from animal food, a copious pre- 
cipitate was thus produced. The albuminous matter 
present in the latter appears to have been partly derivec 
from the flesh on which the animal had been fed. 

Biliary Principle. Both chymes were found to C 
tain this principle. It was separated by digesting alco- 
hol on the dried residuum of the cliyrae. This took up 
the biliary principle, which was then obtained by driving 
off the alcohol. It possessed all the usual properties of 
this principle, except that it appeared to be less easily 
miscible with water than in its natural state, and to ap- 
proach more nearly to the nature of a resin or ndipocire, 
changes probably induced in it partly at least by the 
action of the alcohol. J 

Vegetable Gluten ? The chyme from vegetable food, 1 
which consisted of bread, yielded a portion of a princi- 
ple soluble in acetic acid, and not precipilable by prus- 
siale of potash or ammonia. Hence itwasnot albumen. 
It was precipitated by solution of potash, and possessed ' 
some other properties analogous to vegetable gluten. 

Saline matter. The salts were obtained by incinerfr- J 
tion, and consisted chiefly of the muriates, sulphates and 'I 
phosphates, as is usual in animal matters. 

Insoluble residuum. This consisted chiefly in the v 
getable chyme, of hairs, &:c. ; in theanimalchymepardyS 
of tendinous fibres '. 
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Section 5. 
Office (^ the Great Inieslines. 

When the refuse portion of the aliment has entered 
the great intestine, its return into the iJeum is prevented 
by the valvula coli, which is formed of two semilunar flaps 
containing muscular Abres a continuation seemingly of 
the small intestine for a short extent into the cavity of 
the colon. The changes which take place upon the 
matter introduced into the colon are a further absorption 
of its fluid parts and an admixture with the secretion of 
the bowel, from which tlie excrementitious substance de- 
rives its fecal odour which till then is wanting. 

By whatever means absorption takes place from the 
great Intestine, it appears probable that much nourish- 
ment may be received tlirough this channel. Injections 
of strong broth into the rectum frequently prove nu- 
tritious : the height to which fluids thus injected ascend 
in the bowel does not seem to have been ascertained. 

The difference of the gaseous contents of the great and 
small intestines consists in the absence of pure hydrogen 
from the former : in its place a somewhat smaller pro- 
portiou of carburetted and sulphuretted hydrogen is 
found. 

I extract fi^m Dr. Front's inquiries the continnatiou 
of a tabular view of the contents of the alimentary canal 
in dogs fed upon vegetable and animal food, which will 
serve additionally to illustrate the changes produced in 
diSerent parts of the great intestine. 
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The arrival of excrement! tious matter in the lower 
part of the great intestine produces a sensation leading 
to the desire to expel it, accompanied with an involun- 
tary contraction of the fibres of the bowel. It commonly 
Jiappens that the peristaltic action of the fibres of tlie 
rectum when first distended with fecal matter is opposed 
by the contraction of the sphincter extemus an! ; and 
for the subsequent expulsion of the feces the bowel has 
again to be thrown into action by an effort of die will. 

But we may presume that the muscular coat of the 
trnwel is not a part tliat acts voluntarily : what we ob- 
serve to take place is, that pressure is made upon the 
bowel by the diaphragm, abdominal muscles, and levator 
ani, and that its peristaldc action then re-commences. 
The longitudinal fibres of the rectum tend to prevent a 
prolapsus of the lower part of the bowel, and assist in 
retracting it fi-om the matter in progress of expulsion. 

The frequency with which the lower bowels are 
emptied dejiends upon habit. In general the accumu- 
lation of fecal matter takes place in the rectum daily at 
the same hour: if the usual time for its evacuadon is al- 
lowed to pass by, the contents of the bowel appear to be 
thrown back upon the colon ; or at any rate the attempt 
to evacuate the bowels is firuitless. The preservation of 
health is greatly promoted by attention to the periodical 
of the alvine excretion. 

Section 6. 

Of the various Articles of Food. 

: first distinction to be drawn among the sub- 
mces wliicb are taken into the stomach is that some 
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are liquid, otiiers solid. Or a third head might be set 
apart for treating of the deglutition of aeriform fluids. 
Most persons, it appears, by practice can attain tbe 
power of readily swallowing air ; but under ordinary cir- 
cumstances no advantage is gained by this operation ; 
the air either soon leaves the stomach, or commonly 
produces uneasy or powerful sensations, often attended 
with a desire to vomit. 

The process of mastication and deglutition, which has 
been described above, has reference to solid food ; liquids 
reach the stomach in a more simple and rapid manner : 
each mouthful of liquid is at once thrown back upon the 
pharynx, and its descent along the cesophagus is pro- 
moted by its ready divisibility and lubricated surface. 

Some liquids, as water and largely diluted spirits, 
appear to undergo no change in the alimentary canal, 
but to be promptly absorbed : and M. Majendie men-; 
tions that when a ligature ha.s been tied upon the pylorus 
the disappearance of the aqueous contents of the sXOh 
mach is not materially retarded. 

Other liquids partly contribute to the formadoo 
chyme; spirits less diluted coagulate the albiunen in the 
secretion of the stomach which is subsequently digested. 
Milk is curded, and the curd digested : oil seems wholly 
converted into chyme. 

Where there has been a rapid loss of the fluids of 
body thirst arises in order that the loss may be 
placed; large draughts of plain water are found to hi 
less power of allaying thirst under these clrcumstam 
than a smaller draught containing a portion of alcohoL 
During a repast thirst again Js felt, and the drink which 
is swallowed appears to whet the appetite for solid food; 
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it has the effect of restoring moisture to the pharynx and 
oesophagus, and of mechanical Ij favouring the f^olution 
of the contents of the stomach. Beer and wine have the 
additional effect of exciting the organ of taste to a keener 
relish of tlie flavour of food, and the stomach to in- 
creased energy of digestion. The quantity of aqueous 
litjuid consun)e<l during a meal depends upon habit, and 
in general is quite imimportant. But dyspeptic persons 
sometimes find it beneficial to abstain altogether from 
drinking at and for a shoit time ailev a meai. 

The solid substances taken into the stomach are de- 
rived from various sources. In the ordinary habits of 
cinlized life, the deglutition of mineral substances is re- 
stricted to remedial agents that are taken in minute 
quantities; what changes thev undergo, and by what 
means they are absorbed, is imperfectly known ; their 
absorption is sufficiently proved by the effects which are 
produced upon the system. But there are instances of 
savages who consume daily large quantities of an unc- 
tuous earth ; and although there is no evidence in this 
case that any part of the mineral element is absorbed, it 
is nevertheless possible that it may in some manner con- 
tribute to the purpose of nourishmenL The araiica 
scenica, according to Mr. Holt, devours sulphate of 
zinc, and appears to deprive that salt of its acid. 

Plants seem interposed between the soil and animal 
life as laboratories for combining the elements of inert 
matter into substances capable of being assimilated in 
the digestion of animals: and animals differ among 
themselves in the original fitness of their organs for as- 
similating vegetable matter, so that some appear of an 
intermediate class in reference to the ftmction of diges- 
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tion, being iDtended to animaJize vegetable matter, while 
they are themselves prepared by Nature to be the prey 
of carnivorous animals. Those which are herbivorous 
have the alimentary canal considerably more complicated 
than those which live on aoiiiial food ; either the stomach 
is divided into distant chambers, or the colon and ceecum 
are remarkably developed to tit them for the more 
elaborate concoction of the food. 

Tlie common food of human beings consists either of 
muscular flesh and tat, of milk and eggs, or of the seeds 
of certain grasses, of the roots, the leaves, and stalks of 
different vegetables, and of various kinds of fruit. But 
the former substances are found to be more nutritious 
than the latter: and the greatest bodily strength is at- 
tained by combining a diet composed chiefly of animal 
substance with habits of regular and violent exercise. 

The proximate principles of animal matter which serve 
for nutriment are fibrin, albumen, jelly, oil, and osma> 
zome or the extractive matter of meat, which seems to 
give the specific flavour to the flesh of diflerent animals, 
but may possibly consist of tibrin only, sUghtly alt«red 
by heat'. 

Gluten, farina, mucilage, oil and sugar, are the nu- 
tritive proximate principles of vegetable matter; at the 
head of which gluten is placed, as a substance contain- 
ing nitrogen, and more resembhng animal matter than, 
any other proximate principle in plants. 

It appears that those animals whose nature it is U> 
prefer one sort of Ibod, either animal or vegetable, may 
gradually be brought to adopt the opposite: it is there- 
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Libre less surprising that the digestive organs of man, 
I which are placed between those of carnivorous and gra- 
diinivorous animals, though coining nearer to the latter, 
should readily accommodate themselves to either kind 
of nutriment : but even in man the transition cannot be 
made abruptly without inconvenience. A person ac- 
customed to a large proportion of animal food, on re- 
stricting his diet to vegetables is liable to suffer heart- 
burn, & sense of weight and oppression at the stomach, 
with flatulence, and other symptoms of indigestion, and 
the bodily frame is rendered less capable of exertion. 
Yet occasional changes in diet Nature appears to pre* 
scribe : in hot weather the ^petite is better pleased with 
fruits and a larger proportion of vegetable food ; in cold 
L weather we prefer the reverse; and the same distinction 
I is observed in the habits of the different races of man- 
kind which people the cold or the torrid regions of tbe 
globe. 

The mixture and variety of diet which the palate and 
I appetite recommend, so far from being injurious to a 
I bealthy stomach, is in the highest degree beneficial to 
it, and serves to keep it in tone and vigour. The pre- 
judicial nature of luxurious diet results from other cir- 
cumstances; every stomach has its idiosyncrasy, and in 
a diversity of viands there are some calculated to de- 
range tlte digestion of one, some of another; and no 
doubt a succession of savoury dishes is liable to tempt the 
appetite to unrestriuned indulgence. But supposing a 
moderate discretion, whiclt avoids such viands as are ex- 
perimentally found to be unwholesome, and such excess 
as is palpably gross ; and tliere is no question but good 
living, wliich presents alternately to the palate every va- 
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riety of food, soliciting the appetite at one time to one 
class of viands, at anotlier to a different class, alternately 
to plain and to highly-seasoned food, is more wholesome 
than a diet closely restricted to a few simple articles of J 
food.' I 

The perfection of bodily strength is not produced by 
application to one laborious employment: a vigorous 
state of the understanding does not result from its con- 
finement to one pursuit; and the health of the digestive 
organs is promoted by following these analogies. 

Dr. Stark made himself the subject of a curious series 
of experiments upon the relative effects of various simple 
forms of diet when employed each for a short time 
exclusively. His researches are principally valuable 
as tending to show the debility and unwholesome state I 
of body which may be bronghl on by this practice, and I 
which in his own case led to an untimely death. 

Recently M, Majendie has furnished data for a similar J 
conclusion to that suggested by the melancholy history I 
of Dr. Stark, in a series of experiments set on foot to il- 
lustrate the unfitness of substances which contain noj 
nitrogen for the nutriment of animals. 

A dog fed u|K)n white sugar and water exclusively I 
appeared for seven or eight days to thrive upon this sus- \ 
tenan.ce. He was lively, ate and drank with avidity. To- 
wards the second week he began, however, to lose flesh, 
though his appetite continued good. In the third week 
he lost his liveliness and appetite ; and an ulcer formed 
on the middle of each cornea, which perforated it, and 
the humours of the eye escaped: the animal became more 
and more feeble and died the tltirty-second day of the 
experimenu Results nearly similar ensued with dogs 
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ipon oUve oil and distilled water; but no ulceration 
e cornea took place, — and upon dogs fed with giun, 
and with butter. 

A Aog fed with white bread made from pure wheat and 
with water died at the expiration of fifty days. Another, 
fed exclusively on military biscuit, suffered no alteration 
in its health. 

Rabbits or Guinea pigs fed upon one substance only, 
as com, hay, barley, cabbage, carrots, &c. die with all 
the marks of inanition, generally in the first fortnight, 
and sometimes sooner. 

An ass fed upon boiled rice died in fifteen days, hav- 
ing latterly refused its nourishment. A cock lived for 
many months upon this substance, and presei-ved its 
■ health. 

Dogs fed exclusively with cheese, or with bard eggs, 
are found to live for a considerable period, but become 
feeble, meagre, and lose their hair. 

The substance from which rabbits and Guinea pigs 
can derive subsistence for the longest period appears 
to be muscular flesh. 

When a certain degree of emaciation has been pro- 
duced by feeding an animal for some thne upon one sub- 
Stance, as for instance upon white bread during forty 
days, the animal will yet eat with avidity different kinds 
of food offered to it at that period ; but it does not re- 
gain its strength ; it continues to waste, and dies about 
the same time at which its death would have happened 
had the exclusive diet been continued". 

Thus it appears that the selection of the most nutri- 
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tious kiud of food is a poiDt of inferior consequence to 1 
the continually varying the nature of the aliment. Two ' 
principles are to be attended to in the regulation of diet; 
tliat the food be fit to furnish an abundant chyle, and 
that it duly stimulate the digestive organs. Every one has 
experienced the difficulty of continually varying the light 
and restricted diet of invalids, so as to find a grateful 
alternation of nutritive materials within the narrow limits 
allowed. In this instance the palate is a true guide to 
the wants of the stomach. 

An adult person in health appears to require two 
hearty meals in the day; if subjected to much bodily 
exertion, a tliird repast becomes necessary, which other- 
wise seems to be superfluous. When the stomach is 
weakened by indisposition, more frequent meals of fl. 
lighter kind are requisite. 

During infancy and childhood, when a large supply 
of materials is required to build up tlie enlarging frame, 
the appetite is proportionately moi-e keen, the stomach 
appears to digest simple food more rapidly, and ciaves 
more frequent meals. It appears that protracted esertion 
and imperfect nourishment, if not continued for so long 
a period as to destroy the tone of the stomach, produce 
in adults a voracious digestion resembling that of child- 
hood. The digestive organs are fitted by such absti- 
nence lor the active service required of them in pro- 
viding materials for the restoration of the frame. 

Mr. Hunter in illustration of this point makes the 
following extract from Admiral Byron's narrative, who, 
after describing the privations which he had suflered 
when shipwrecked on the west coast of South America, 
incidentally mentions their subsequent effect upon his 
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jetite. " The governor," sajfs Admiral Byron, " or- 

red a table to be spread for us with cold bam and 
fowls, which only we three sat down to ; and in a short 
time dispatched more than ten men with common ap- 
petites would have done. It is amazing that our eating 
to that excess we had done, from the time we first come 
among these kind Indians had not kiUed us ; as we were 
never satisfied, and used to take all opportunities for 
some months after, of filling our pockets when we were 
not seen, that we might get up two or three times in the 
night to cram ourselves'." 

Nothing promotes hunger more than temperate ex- 
ercise in fresh air ; yet the appetite is never more vi- 
gorous than when a person accustomed to active habits 
is accidentally occupied for a day with sedentary pursujts. 
It seems that in the latter case the stomach employs 
besides its own power the energy which might have been 
expended in muscular exertion. On the other hand, if 
exercise unusuaUy violent be taken so as to produce Ih- 
tigue, the appetite is impaired. According to the theo- 
retical language at present in use, the nervous energy 
has been in the latter instance disproportionately con- 
sumed on the muscular frame, and the stomach has 
received less than its due supply. 

The habits of a literary life materially affect digestion ; 
the neglect of bodily exercise, than which nothing more 
invigorates the system, and the derivation of nervous 
energy from other organs to the brains, contribute to 
impair the vigour of tlie stomach ; at the same time the 
of bile takes place more sparingly, and a hearty 
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meal finds every part of the alimentary system less ca- 
pable of its office. The diet in such cases should be 
moderate, but not exactly simple; the stomach requires 
excitement to rally its energies, and the temperate use 
of wine and condiments becomes essential to health ; or, 
as often happens to men of studious habits, who when 
taking little exercise suppose that they have only to live 
abstemiously to guard their health, the stomach breaks 
down, and several years of dyspepsia are the destructive 
consequence of imprudent literary excesses. 
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CHAPTER VIII. 
OF THE LACTEAL AND LYMPHATIC VESSELS. 



We have next to follow the route of the chyle from the 
small mtestincs into the venous system. In the year 
1622 Aselli observed upon the mesentery of a dog white 
lines extending from the bowel towards the liver; on 
puncturing them a milk-like fluid escaped, and left them 
transparent vessels. They were termed lacteols, and 
were justly supposetl by their discoverer to absorb the 
chyle and convey it into the blood. Successive inquiries 
have shown not merely the origin and termination of 
these vessels, but that they form part of a system as mi- 
nutely distributed through tlie frame as the blood-vessels, 
and theoretically termed the absorbent system. 

At the angle formed by tlie meeting of the subclavian 
with the internal jugular vein upon either side of the 
neck, two or more of these pellucid vessels open, so as 
to pour their contents into the current of blood passing 
towards the right auricle. These are the trunks of the 
absorbent system, which branches from the subclavian 
veins to every region and organ of the body, but com- 
municates at no other point with the blood-vessels. 

The thoracic duct, the largest absorbent in the body, 
is about three lines in diameter when distended, is of 
a thin but strong texture, and appears when collapsed 
semitransparent and of a reddish grey colour. The 
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thoracic duct of a horse, inverted upon the thickest rod 
it will admit, is shown by the rupture of its Iming mem- 
brane to consist of a serous inner tunic and an outer 
6brous one. It is presumed that a similar distinction of 
parts exists in human absorbents'. 

Each absorbent vessel contains many valves, consisting 
of pairs of semilunar folds of membrane attached by 
their convex edges, as in the veins, and capable of being 
thrown down by the reflux of its contents so as to close 
the passage from the trunks towards the branches. Upon 
the fleshy viscera the resistance of the valves may be 
overcome by continued pressure, so that mercury will 
pass from a trunk into the branches, which are there 
found to be distributed arborescently, with a. minuteness 
so surprising, that the surface of the viscus is entirely 
covered as with a reticular sheet of quicksilver. These 
vessels appear to anastomose with a series distributed 
through the substance of the organ. 

In the hmbs the absorbent trunks are distributed in 
two sets ; one that accompanies the arteries, another which 
accompanies the subcutaneous veins : to each artery from 
three to seven trunks are attached ; with the subcuta- 
neous veins from thirty to fifty are associated, which 
spread over the most protected regions of the limbs. 

At particular parts of the body small flattened bodies 
circular or oval, from three to ten lines in diameter, are 
found connected witli absorbent vessels. These bodies 
are termed conglobate or absorbent glands. They are 
very vascular, and have filaments of nerves distributed 
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to them : each appears to consist of a soft fleshy porous 
substance contained in a membranous capsule : the cen- 
tral part is whiter and firmer than the rest. Generally 
many absorbent vessels, termed vasa inferentia, enter a 
conglobate gltmd upon the side remote from the heart* 
and a smaller number, termed vasa elferentia, leave it 
upon the near side. 

Mercury injected into the vasa inferentia appears to fill 
a series of cells in the absorbent gland, and tlien escapes 
by means of the vasa efferentia. Upon an injection with 
wax, the whole substance of the gland api>ears to consist 
of convoluted absorbents irregularly dilated, and which 
reciprocally communicate. 

Two or three small absorbent glands are found at the 
inner ancle, four or five in the ham, eight or ten at the 
groin. To the subcutaneous glands at the groin ab- 
sorbents tend from the leg and thigh, from the pudenda, 
the abdominal parietes, the nates, and the loins. 

A chain of absorbent glands and plexus of absorbent 
vessels ascends around the iliac arteries to the aorta, 
continually receiving trunks derived fi-om the neighbour- 
ing parts. Opposite to the second lumbar vertebra the 
absorbents of the mesentery, having passed through a 
cluster of glands, collect into an oval sac termed the re- 
ceptaculum chyli ; the trunk continued fi'om the recepta- 
culum chyli and from the absorbents of the lower extremi- 
ties is termed the thoracic duct : it ascends between the 
aorta and right crus of the diaphragm into the posterior 
mediastinum, which it obliquely traverses from right to 
lefl in its course to the neck: having perforated the 
fascia cervicalis profunda, the thoracic duct ascends be- 
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lihid the subclavian artery of tlie left side, and then arches 
downwards to open by two tubes into the angic at which 
the subclavian vein joins the internal jugular. In this 
course the thoracic duct is joined by absorbents from 
the viscera and neighbouring parts. Absorbent glands 
accompany these vessels, which are most numerous 
around die bronchi, where they are of a black colour. 

Two or three absorbent glands are (bund at the 
of the elbow joint, and a cluster surrounds the axilli 
subclavian, and carotid arteries. The absorbent vessi 
of the left side of the head and of the left upper extremity 
mostly join the thoracic duct, but in part open by two or 
three separate orifices into the subclavian vein. The cor- 
responding absorbent vessels of the right side open by 
three or four trunks into the venous angle at the union 
of the right subclavian and internal jugular veins: dit 
are sometimes joined by a large branch given off 
the thoracic duct in the chest. 

During the completion of digestion in the small 
testines, the absorbent vessels of the mesentery, the 
ceptaculum chyli, and the thoracic duct, are found 
of chyle : at other times these vessels contab 
less of a transparent fluid termed lympli, which forms 
the habitual contents of the remaining larger pait of 
system. 

The absorbent vessels of the mesentery are lermi 
Lacteals, the rest Lymphatics. 

Chyle extracted from the thoracic duct of a dog 
cat killed during digestion and opened immediately 
death varies in appearance as the aliment has or hasnot 
contained oil or fat : in tlie foi-mer case its colour is milk. 
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white, in the lattet- it is nearly transparent. M. Halle 
ascertained that coloured substances mixed with the ali- 
ment do not colour the chyie. 

Chyle is something heavier than distilled water; is of 
a salt taste, and sensibly alkaline. Soon afVer being 
drawn it c<»igulates, and aflerwanls separates into three 
parts; one solid, which rests at the bottom of the vessel; 
another liquid; and a third substance forming a thin 
layer on the surface of the latter, and less observable in 
the semi-transparent than in the opake chyle. At the 
same time the chyle assumes a reddish tint. The solid 
substance appears to resemble fibrin; the liquid, serum: 
the third element is of an oily nature. The chyle con- 
tains minute globules of various sizes, but the largest are 
smaller than those of the blood. 

Chyle formed from the digestion of sugar contains 
butlitde fibrin. M. Marcet found that chyle derived 
from vegeUible matter contains three times as much car- 
bon as that from niiimal matter. 

Lj-mph extracted from the thoracic duct of an animal 
killed after fasting for three or four days, is a fluid nearly 
transparent, slightly opaline, and tinged with red, but 
sometimes of a yellow tint: of a saline taste, of the spe- 
cific gravity compared with water of 1022.28 to 1000. 
From a large dog it may be collected in the quantity of 
an ounce and a half. 

Lymph spontaneously coagulates, and then appears 
composed of a fibrous clot, in the irregular cells of which 
a fluid is contained, which on compression again coagU' 
lates. The red tinge of the lymph is increased on its 
coagulation. If die clot be exposed to oxygen it be- 
fUOTOKS scarlet; if to carbonic acid, purple- Lymph con- 
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lains globules resembling bul less in si/e than those of 
the blood. According to M. Chevreul, the composition 
oflyraph is the following: 

Water S26.* 

Fibrin *.2 

Albumen 61.0 

Muriate of soda 6.1 

Carbonate of soda ..... 1. 8 
Phosphate of lime . . . . -\ 
Phosphate of magnesia ■ ■ ■ J" -5 

Carbonate of lime . . . . J 

J 000.0 

Prolonged abstinence in a dog is found to produ< 
a redder colour in the lymph, nearly approaching 
of blood. 

As much is known of the functions of the lacteals, 
the use of the lymphatics remains involved in obscuril 
From the commencement of a lacteal to its termination' 
in the venous system, every circumstance relating to it 
has been displayed and described. I extract from Mr. 
Cruikshank's work upon the absorbent system, the 
lowing account of a successful examination of the ori( 
of these vessels. 

" A woman died in consequence of convulsions after 
lying-in about five in the morning. 8he had been in 
perfect health the preceding evening, and ate heartily at 
supper. The lacteals (upon tlie mesentery) were dis- 
tended with chyle, which here formed a firm coagulum. 
Many of the villi were so full of chyle that I saw nothing 
of the ramifications of the arteries or veins; the whole 
appeared as one white vesicle, without any red 
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pores, or orifices whatever. Others of the villi contained 
chyle, but in a smalt proportion ; and the ramifications 
of the veins were numerous, and prevailed by their red- 
ness over the whiteness of the villi. In some hundred 
villi I saw the trunk of a lacteal forming or beginning 
by radiated branches. The orifices of these radii were 
very distinct on the surface of the villus, as well as the 
radii themselves, seen through the external surface, 
passing into the trunk of die lacteal ; they were fiill of a 
white fluid. There was but one of these trunks in eacli 
villus. The orifices on the villi of the jejunum, as Dr. 
Hunter himself said, {when I asked him as he viewed 
them in the microscope, how many he thought there 
might be) were about fifteen or twenty on each villus; 
and in some I saw them still more numerons^." 

Thus it appears that tlie lacteal system originates by 
numerous capillary orifices upon the villi of the small 
intestines ; and we may presume that the absorption of 
chyle commences upon physical principles. Accordingly, 
if the mesentery be exposed immediately after the death 
of an animal killed during digestion, and the contents of 
a lacteal be pressed forwards towards the thoracic duct, 
and a ligature be tied upon the empty vessel, the lacteal 
is found to become filled again with chyle by the con- 
tinuance of intestinal absorption. The valves in the 
lacteal vessels are exceedingly numerous. It is reason- 
able to suppose them equally numerous in the minute 
branches of the system. By capillary attraction, the 
fluid with which it is bathed would ascend in the capil- 
» iarj orifice of a lacteal ; and 
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jiair of valves, the contraction of the vessel itself would^J 
be sufficient to urge it onward to the venous system. 

But this simple explanation of the mechanism of lac- 1 
leui absorption requires to be somewhat modified. Ofin 
Ihe numerous liquid substances which reach the small 
intestine, tlie lacteals appear to absorb chyle only. 

The experiments of Hunter tended indeed to prove 
the reverse. When starch and indigo, or milk and 
water, were injected into the small intestines of sheep an(l ■ 
asses, a whitish or blueish liquid appeared to rise in theJ 
lacteals. But there is reason to beheve dtat these ob- 
servations were not matle with sufficient exactness. They 
have been repeated by M. Flandrin, and various phy- 
siologists of the present day, and no other substance 
distinguishable by its odour, colour, or poisouous 
eftects, has been shown to enter the lacteals. When 
Mr. Hunter saw a white fluid rise in the lacteals after 
pouring milk into the bowel, we must suppose that some 
remnins of chyle in Uie small intestine continued to be y 
absorbed ; and where tlie blue liquid was used, the de^-fl 
ception probably resulted from the following circum-* \ 
iitance. When the lacteals are empty, and are seen 
against a dusky medium, they appear as blue Hues upon 
the mesentery. I observed this circumstance wlien re- 
peating tlie Hunterian experiment upon a rabbit. The 
1 LCteals, which when a solution of starch and indigo was 
first placed in tlie cavity of the bowel were full of chyl^ . 
on being examined half-on-hour afterwards appeared J 
of a clear blue colour, and those present were for aa i 
instant satisfied that the experiment had succeeded: 
but upon placing a sheet of white paper behind the me- J 
senlery, thcbliie tinge disiippeared, — the vessels were seen | 
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I be transparent and empty. On removing the white 
rpaper, tliey re-assumed their blue colour. 

Thus the repetition of the Hunterian experiment leads 
us to attribute to the lacteals the exclusive function of 
absorbing chyle. We may conjecture that their orifices 
are of such a nature as to close on the contact of every 
other substance. 

If the thoracic duct at a proper interval after a meal 
be exposed in the neck of a dog where it enters the sub- 
clavian vein, upon opening the duct chyle escapes with 
great rapidity. Its velocity is observed to be increased 
every time that the animal contracts the abdominal mus- 
cles, or when the abdomen is compressed by the hand, 
and to bear a proportion to the quantity of chyme under 
decomposition in the small intestine. During the first 
five minutes afler opening the thoracic duct in a middle- 
sized dog, half an ounce of liquid escaped; subsequently 
the flow of chyle was much slower'. 

The use of the conglobate glands is unknown, but 
they are observed to be disproportionately larger, and to 
contain more fluid in early life than at a later period. 

Of the lymphatic system beyond the anatomical dis- 
tribntion of its branches nothing is known with cer- 
tainty. 

But we are at liberty to conjecture upon analogy, that 
lymphatics open upon the mucous surface of the stomach 
and great intestines, and that they take up a liquid ela- 
borated in those parts from the food. When indeed a dog 
is forced to drink diluted alcohol during digestion, the 
I blood has the odour of alcohol, the chyle has not. The 
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blood iu the veins of the small and great inteslines of the 
horse is found to have the odour of their contents, which 
the chyle wholly wants. But some principle, it is yet 
possible, perhaps largely diluted with aqueous liquid, 
may be taken up by the lyinphati<!s of the alimentoi-y canal. 

And we may further conjecture with Hunter, from the 
universality of their distribution, and their fabric every 
where similar to that of the lacteals, that lymphatics 
commence with open moutlis at every part of the body; 
and that their office is to take up and carry back to the 
blood those elements of the body which disappear either 
to make place for newly secreted matter or without 
substitution. This conjecture, at any rate, is the most 
rational which has been proposed as to the use of the 
lymphatic system, and is remarkably borne out by va- 
rious circumstances noticed in disease, of which I shall ^ 
content myself with citing the most conclusive. 

Whenever the flesh becomes impregnated with i 
acrid substance, as for instance with the venereal virus, ' 
so that ulceration follows, the lymphatic system alone 
appears to sufier sympathetic irritation. The lymphatic 
vessels in such cases commonly become tender, hardened, 
or their inflamed state shows itself by red lines upon the 
skin; the lymphatic glands mflame, and matter forms 
around them. 

When a part laden with an acrid substance is i 
moved, it is fair to suppose if any system of vessels sec 
the exclusive seat of irritation, that they are the pai 
employed in its absorption. 
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The function of the urinary organs may serve to illus- 
trate better than any other case a position assumed by 
physiologists, — that certain substances require to be con- 
tinually separated from the blood in order that it may 
retain its salutaiy qualities. In other Instances where 
excretion manifestly takes place, as upon the skin, from 
the lungs, or from the mucous membrane and glands 
connected with the bowels, it may remain a question 
whetlier a second object of equal or greater importance 
be not contemplated : but in the preseut instance the ex- 
clusive use of a very elaborate conti-ivance appears to 
consist in getting rid of a noxious element. As nitrogen 
exists in a large proportion in the characteristic principle 
of urine, the kidneys have been supposed to be the vent 
at which the excess of this principle is discharged. 

The kidneys are placed at the sides of the lumbar ver- 
tebra, before the psooe and quadrati lumborum, and 
imbedded in faL The kidney varies in size, and has 
been known to have been joined to its fellow by an 
isthmus extending across the aorta. 

The kidney is a conglomerate gland, and in the foetus, 
and occasionally in the adult, is marked by furrows upon 
its surface which show its internal division into separate 
lobes. The kidney is covered on the fore part only by 
peritoneum, and its proper membranous tunic is pro- 
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portionately denser than that of the liver or spleen. Its ' 
artery, termed the renal or emulgent is, relativelj 
size of die gland, the largest in the body : it readily 
transmits injected Huids into the emulgent veins and ex- 
cretory tubes. The renal nerves are derived from the 
semilunar ganglion or solar plexus; several small ganglia 
are formed upon them : when they are divided in a dog, 
the animal expresses pain. 

On making a section from the external convex edge 
of the kidney through to the internal concave edge or 
hilum, the different substances of which the gland is 
composed become apparent. The outer or cortical part 
appears extremely vascular, and seems after a successHd 
injection to consist of tortuous vessels alone ; processes of 
the same substance extend towards the hilum of the 
kidney, between which are contained cones of what seem 
white convergent fibres. The rounded ends of these 
cones project at the notch of the kidney, and ore termed 
mammillary processes : their surface is perforated with 
small apertures, through which the urine may be seen to 
exude in living animals, and the white fibres appear to 
be excretory tubes, which rise every where in the cor- 
tical substance i the mode of their connexion with the 
blood-vessels has not been ascertained. 

Each mammillary process is inclosed in a loose conical 
sac termed an Infundlbulum : each infundibulum opens 
into a common channel of which there are generally two; 

e leading from the upper, the other from the lower part 
ot the kidney : these two channels unite to form a capa- 
cious conical sac termed the pelvis of the kidney, which 
gradually narrows, and is continued into a tube termed 
the ureter, which is cylindrical, being from 3 to * lines 
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f'ki diameter when inflated, and leads to the binddci-. 

* The infiindibuluin, pelvis, niid ureter, are lined with a 
fine mucous membrane : their substance is white, fibrous, 
and of great strength. 

The bladder is oviform, tlie great end looks towards 
the lower opening of the pelvis, and rests upon the le- 
vator ani ; the narrow end or fundus looks forward and 
upward ; the anterior and inferior surface rests upon the 
pubes ; the posterior and upper surface is covered by 
peritoneum, and the bowels rest upon it. Ligamentous 
bands, which show the former course of the urachus and 
hypogastric arteries, attach the sides and fundus of the 
bladder to tlie navel : the opening of the bladder into 
the urethra is at its most dependent part, that is to say, 
at the lowest part of the greatest breadth of the bladder ; 
and the line at which the urethra commences is termed 

I ^e neck of the bladder; a ligament attaches it to the 

i pubes. 

The bladder consists of an mt^al mucous mem- 
brane continuous with that of the ureter, but thicker, and 
of muscular fibres, termed the detrusor urinie, the itiner 
layer of which is for the most part disposed reticularly ; 
the fibres of the outer layer extend longitudinally from 
the neck of the bladder to the fundus. The nerves of 
the bladder are derived from the hypogastric plexus. 

The canal of the male urethra first passes through the 
prostate gland, and from thence to the ligament of 
Camper is surrounded by a plexus of vessels, and braced 
to the arch of the pubes by fibres discovered by Mr. 
Wilson, and named by him the compressor urethne : 
the glands of Cowper are placed on either side of tlie 
urethra al this part. Beyond the ligament of Camper 
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the male urethra itj contaiued in the corpus spon^osma ' 
to the orifice of the peius. 

The mucous membrane of the urethra does not appear 
to bean irritable substance ; but it seems Dot improbable 
that the tissue whicli surrounds it is capable of con- 
tracting, much in the same manner as the skin. The J 
canal is mast capacious at the commencement of the -I 
spongy body, where it is termed the bulb of the urethra, | 
and is half surrounded for three or four inches by the J 
fibres of the accelerator nrinee, ivhich are capable off 
emptying this chamber of the urethra. 

The female urethra is short and nearly straight; has I 
no glandular bodies attached to it, but is supported by J 
a compressor urethra, and is readily dilatable. 

The urine during liealth alone continually varies ioJ 
quantity and in composition; during cold weather, of ■ 
when a large quantity of liquid has been received into I 
the stomach, the urine is increased in tjuantity, and is \ 
nearly colourless : during warm weadier, when the cu- 
taneous transpiration is greater, less urine is secreted : 
it is high coloured, and contains a less proportion of 
water. Various kinds of food increase the flow of urine, 
or modify the nature of its constituent parts. Tlie 
average quantity secreted daily amounts to about four m 

According to Berzelius, the following is the compo*i^^H 

Bition of urine: ^^H| 

Water 933.00 

Urea .-JO-IO 

Sulphate of potash 3.71 

Sulphate of soda 3.16 

Phosphate of sodft 8.M 
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Muriate of soda 4.45 

Phosphate of ammonia 1.65 

Muriate of amtnonia 1,50 

Free lactic acid . 

Lactate of ai 

Animal matter soluble in alcohol 

Urea not separable from the preceding 

Earthy phosphates with a trace of fluate of 

lime 1.00 

Lithic acid o,SS 

Silex COS 

1000.00 
The ultimate elements ofurea, according to Dr. Prout, 
ixist in the following proportion : 

Nitrogen *6.66 

Carbon 19.99 

Hydrogen 6.66 

Oxygen 26.66 

29.97 

The urine continually exuding into the infundibuU 
of the kidney, urges forward that previously secreted 
into the bladder. The ureters open obliquely into the 
bladder, so that the pressure of the urine accumulating 
in that viscus, tends to close the aperture of the ureters, 
and to prevent any reflux towards the pelvis of the kidney. 
Mr. Bell has remarked that the thick fasciculi of mus- 
cular fibres through which the ureters enter the bladder, 
must contribute during the expulsion of the urine to 
preserve the obliquity of the entrance by their dispro- 
portionate action. 
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Wlien a certaiD quantity of urine is contained in the 
bladder, a peculiar sensation arises, with a desire to 
evacuate it. By a voluntary effort the levator ani, 
the abdominal muscles, and the diaphragm contract; 
and in a few seconds the bladder acts, and the uriue 
flows. There appears to be no necessity for sup- 
posing the bladder to be directly influenced by the will. 
Tile conscious efibrt during the expulsion of the urine 
is not referred to the bladder itself, but to the muscles of 
the pelvis and abdomen. The fibres of the bladder re- 
semble those of the alimentary canal; when they are^ 
pinched immediately after death, a slow contraction t 
the bladder ensues, and continues for several secondl 
When the bladder is laid open by an incision, the eoi 
traction which follows the escape of its contents t 
place very gradually, 

The compressor urethrae we may suppose to act ■ 
the sphincter muscle of the bladder. 

One of the most remarkable phenomena in the s 
cretion of urine, is the facility with which substance 
taken into the stomach find their way to the bladder>l 
Sir Everard Home observed, that in seventeen minutes 
afler rhubarb had been swallowed, it could be detected 
in the urine. The dose consisted of half an ounce of 
tincture of rhubarb diluted with an ounce and a half of 
water, and was taken immediately before a breakfast 
consisting of tea. The test employed was a solution of 
caustic potash. Upon an examination of animals to which 
rhubarb had been given in successive doses for several 
hours before death, the urine was found deeply tinged^ 
and the serum of the blood in the splenic vein, in the in- 
ferior cava, and in the right auricle of the heart, showed 
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evidence of containing rhubarb'. At this time Sir 
Everard Home was led to believe that the spleen and 
the lymphatic system were the route through which 
rhubarb in the instance cited |)assed into the blood. 
But upon pursuing these researches in the year 1815, 
he found that after removing the spleen and tying the 
thoracic duct, rhubarb hijected into the stomach may be 
subsequently detected in the urine and in the bile, the 
contents of the lacteals showing no trace of rhubarb^. 

The preceding circumstances contain, it is obvious, 
the rudiments of the discovery of the imbibition exer- 
cised by the blood-vessels. What appears to have 
thrown into shade the true explanation of the pheno- 
mena described, is the difficulty of detecting the ele- 
ment in the blood, which so freely passed from the sto- 
mach into the urine. This anomaly is illustrated by the 
following observations of M. Majendie. 

If a small quantity of prussiale of potash be injected 
into the veins or absorbed from a mucous or serous sui^- 
face, it becomes readily distinguishable in the urine, but 
cannot be detected in the blood. If, however, the ex- 
periment be made with a larger quantity, the presence 
of prussiate of potash in the blood becomes evident. 
The same difference M. Majendie observed to exist in 
the facility of detecting prussiate of potash when mixed 
with urine and with blood out of the body. In the 
former case the smallest quantity is discoverable by che- 
mical tests, the action of which is by some meaos olv 
SGured in the latter. 

The effect of the excision of the kidneys has been al- 
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ready alluded to. MM. Prcvost and Dumas found that 
by the removal of a single kidney from a cat or dog, little 
effect is produced upon the health ; but that within three 
days after the removal of the second, copious Hquid brown 
evacuations take place, with vomiting of tlie same matter, 
rapid small pulse, great constitutional irritation, and la- 
boured breathing : the animal dies between the fifth and 
ninth day. MM. Prevost and Dumas calculate that a 
healthy dog habitually produces about a drachm of urea 
in twenty-four hours. After the preceding operations 
had been performed, five ounces of blood were found to 
contain a scruple of urea i^. 

M. Majendie observed, that after the removal of the 
kidneys, the secretitm of bile is extraordinarily increaeed, 
so that the stomach and intestines are found to contain 
bile in large quantities. 

M. Segalas found that the introduction of urea iota 
the blood of animals operates as a diuretic, or prcHnotes 
the secretion of urine. 



CHAPTER X. 
OF THE SKIN. 



I Xhe genei-al integument of the body varies in tliickness 
from Bboui e fifth to a twentieth of an inch. At the 
commencement of putre&ction the epidermis sponta- 
neously separates, as a thin dry elastic unorganized 
membrane, from the tough and vascular cutis. Between 
the epidermis and the true skin, a tenacious moisture is 
at the same time found, which seems to result from the 
decomposition of an intermediate substance. This sub- 
stance, which is found in small quantity in Europeans, 
appears to be that which, under the name of rete mu- 
cosum, gives the characteristic hue to the skin in the 
coloured families of mankind. 

In the Negro or Malay, the cutis is of the same quality 
as in the European ; and the cuticle when separated is 
scarcely a shade darker : but the rete mucosum, — which 
commonly admits of being displayed as a gelatinous pig- 
ment, adherent either to the inner surface of the epi- 
dermis or to the outer surface of the cutis, — or in some 
cases admits of being reflected as an intermediate, dis- 
tinct, and coherent membrane, — or in others remains inse- 
parably incorporated with the surface of the cutis, pre- 
sents a shade yet deeper than tlie colour of the skin before 
the removal of the epidermis. 

The cutis appears to be a peculiar modification of ge- 
latin. The cuticle seems to be a form of coagulated 
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albumen'. In the living body the cuticle may be re- 
moved by abrasion, or r^ed from the cutis by tlie ac- 
tion of a vesicatory. The colour of the rete mucosum 
in a Negro may be temporarily removed by immersing a 
part in water impregnated with chlorine: after a few 
days the black colour returns with its former intensity. 

The skin is marked by furrows of diiferent sizes, of 
which the largest are upon the palms of the hands or at 
the joints of the fingers. Specimens of almost all tie 
lesser kinds may be perceived upon the back of the hand. 
Upon the ridges between the furrows upon the palms of 
the hands and upon the fingers, numerous little pits are 
seen, which have the appearance of poies, but are found 
to be shallow depressions only, which, like the preceding, 
are made shallower, or disappear when the skin is (Us- 
tended. 

The inner surface of the cutis is hollowed into innu- 
merable fossulse placed close to each other, and varying 
in size from a twelfth to an eighth of an inch. They 
receive the subcutaneous layer of fat, upon the quandly 
of which the sleek or wrinkled appearance of tlie skin 
depends. 

The skin at certain parts b perforated by two sorts of 
cylindrical ]iores, each of which is lined by a fine pro- 
longation of llie cuticle. At the bottom of a pore of 
either sort a small gland ekists, which is lodged at die 
posterior surface of the skin. The substance secreted 
firom the one kind is an oily sebaceous matter, which 
continually exudes upon the surface of the skin ; from 
glands of the remaining kind the hair grows. Each hair 
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is conical; at its root is a conical cavity, in which the 
bulb is lodged which forms it. Its chemical composition 
resembles that of the epidermis ; it consists of a dense 
external crust, and an interior substance of a slighter 
texture. The pore which trnnsmiUi each liair is oblique. 

The cuticle is so elastic, that when it has been perfo- 
rated with a needle the apertures are not distinguishable 
with a magnify ing'glass : it is not therefore surprising, 
that when it is separated from the cutis, we are unable 
to discern an j thing like a series of pores through which 
the perspiration may be supposed to exude. Whether 
there be special apertures for this object, or whether the 
perspiration transude through the entire substance, is un- 
known. The cuticle is laid over the cutis like a thin 
varnish of elastic gum ; its main purpose aj^pears to be 
the prevention of evaporation. How well it serves this 
end, is shown by the preservation of the moisture of the 
skin for many days alter death where the cuticle has re- 
mained entire, contrasted with its rapid desiccation at 
those parts where the cuticle may happen to have been 
removed. The object next in importance we may sup- 
pose to be the prevention of indiscriminate imbibition or 
absorption by the vascular surface of the cutis; and 
finally, we may view the cuticle as interposed to modify 
the sensations of touch, the acuteness of which would else 
amount to pain. 

The nerves distributed to the skin are derived from 
the spinal nerves, from the fifth and from the poriio dura 
of the seventh cerebral nerves. 

The absorbent vessels of the cutis are so numerous, 
according to Dr. Gordon, that after a successful injection 
of them with mercury, the whole surface looks like a 
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efaeet of silver : they are very easily injected : their dis- 
tribution resembles network more than regular ramifi- 
cation ''. 

The cutis is exceedingly vascular upon its outer 
face, which shows alt the furrows and markings that ore 
to be seen before the removal of the epidermis, am 
not plain, but raised into innumerable delicate process 
or papillae, that are best developed where the sense 
touch is most excjuisite. 

There is a remarkable analogy between the skin 
the mucous membranes. The latter may be viewed 
prolongations of the skin over internal surfaces, modified 
only to suit the difference of place ; or the skin may be 
said to contain the elements of the mucous lubes, but 
more firmly and closely wrought, and protected by the 
cuticle, as the latter are protected by the mucus they 
secrete. 

The skin consists of a dense white elastic substratum, 
analogous to the tunica nervea in the alimentary canal, 
and of a vascular surface analogous to a mucous or vil- 
lous membrane. But in the skin the vascular superfii 
is not separable by any ardfice from the thick subs) 
tum which supports it. 

Let us consider the skin at present in reference to 
functions of absorption and transpiration. 

Dr. Edwards contrived that a lizard, which bad 
fered a considerable diminution of weight by 
to a free current of air for several days, should renain 
partially immersed in water, which covered its tail, its 
hind legs, and the hinder part of its body. Under these 
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circmustauces the aninml re-acquired the weight which 
it had before lost, and its limbs and body regained their 
plumpness and former volume'. 

Dr. Edwards confined a snake in air saturated with 
moisture, removing it and weighing it at intervals : at 
first it was found to lose in weight ; after a time it ceased 
to become lighter, and was observed to gain in weight. 

M. Seguin observed that when the human body is 
immersed in water at a temperature between 12°.6 and 
S2°.5 Cent, no loss of weight takes place beyond the 
usual loss by pulmonary transpiration. Immersion 
therefore in water at the above temperature, should 
either prevent cutaneous transpiration, or allow an ab- 

irption to take place equal to the loss it occasions, 
preceding analogies are in favour of the latter so- 
ttlntion. But subsequent researches by the same author 
seem to show that water in contact with the cuticle of 
tlie human body is not absorbed. If the water hold a 
salt of mercury in solution, it very rarely happens that 
any evidence of the absorption of the mineral manifests 
itself even after long and repeated immersion. 

The cuticle appears to be the main impediment to 
cutaneous absorption : if this membrane be removed, 
absorption takes place rapidly from the surface of the 
cutis; or if by continued pressure, as during mercurial 
friction, a substance be mechanically forced through il, 
absorption does not fail to take place ; or if a substance 
which is of an acrid nature, and calculated chemically 
to combine with it, be placed in contact with the epi- 

irmis, the same result is found to ensue. 
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With respect to tlie vessels which minister to tbif 1 
function, there is no more reason to beheve that the I 
lymphatics absorb poisons or medicines applied to the 
skin, than that the lacteals liave this otGce in the small 
intestines. It cannot be doubted that when the impe- 
diment which the cuticle offers is removed or overcome, 
foreign matter in contact with the skin finds its way into 
tlte blood-vessels by physical transudation or imbibition. 

The action of the skin upon the ai: is obscurely un- 
derstood : analogy perhaps would lead us to suppose 
that an absorption of oxygen takes place at the surface 
of the body; for the experiments of Mr. Cniickshaiik and 
of Mr. Abernethy have shown Uiat carbonic acid is pro- 
duced when the hand or the foot is confined in atmo-.J 
spheric air. But this subject requires to be yet furthecJ 
elucidated. 

A certain quantity of fluid continually transudei 
through the skin ; sometimes it wholly disappears hy^ 
evaporation: at other limes it collects as a liquid upoqij 
tlie surface of the body. In the former case it is termec 
the Insensible Perspiration; in llie latter the Sensible J 
Perspiration. 

When collected the perspiration appears to consist of J 
water containing a small proportion of acetic or I 
acid, of muriates of potash and soda, with a trace oC| 
animal matter apparently gelatin. 

The most unexceptionable experiments perhaps r 
lating to t])e (juantity of the insensible perspiration are-J 
tliose of LavoLsier and Seguin. Upon their tesdmony J 
the average quantity amounts to eleven grains per i 
iiute. During digestion the quantity of cutaneous trans- J 
piration appears to be at its minimum. According toJ 
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Dr. Edwards, dui-ing the six hours before noon the in- 
sensible transpiTa.tiaQiCdsierisparibuSf attains itsniaximuni. 
Sleep would seem lo promote it remarkably : a dry state 
of the atmospliere, exposure to a current of air, dimi- 
nished barometrical pressure, have a similar tendency. 

The influences last named are such as would affect 
the rate of evaporation from a dead body. Dr. Edwards 
has founded upon these and similar observations, an ap- 
parently just division of the elements of the insensible 
perspiration into such as are derived from secretion, and 
such as result physically from the evaporation of the 
moisture of the skin itself. Upon estimating the com- 
parative loss of weight which frogs suffer when placed at 
a low temperature in dry air and in air laden with mois- 
ture, the proportion of fluid lost by secretion to that lost 
by transudation appeared to be as I : e."" But it is possible 
that in dry air the quantity of secretion may be greatei- 
than in air laden with moisture ; the increase of the de- 
mand may increase the quantity of the supply, agreeably 
witli a fact respecting the secretion of milk, to which I 
have already adverted. 

At an elevated temperature and during violent ex- 
ercise the perspiration becomes sensible. No estimate 
appears to have been made of the actual quantity of 
liquid produced under these circumstances, or of the 
ratio in which the different causes alluded to influence 
the secretion of the sweat. Sir C. Biagden remarked, 
that on staying for twenty minutes in a chamber heated 
to IdS" the perspiration was so little increased that his 
^hirt was only damp at the end of the experiments A 



I 





Mdtf ikcMiJHlfllntrihaL Hot, itMMH, c»fe 
| iro JiM* J m dl Gvii^ heiagti iMt wUb a fimMa mi 
ooU-bknded iw'wJi the teBperatnre dosdy fiJkm 
AMflftbe ncdb n iriucfa tfaey are tauDcned, in m^t- 
■iCEfWM floud* MM ID bmu > grren '"^m**' ■»*«■»» ■ 
■■fHHi it, «Wck is tcSBcd tbeir rtnidvd Imvl H 
biODaa bcoif^ che •Undud beat b aboot 97°, io wtn- 
■dnqwda 100° or lOl*-: the tempe ratm c of 
bMs IB jwt h^MTtBod nanto I07> or 108^ 

Exirenea of heat or cold stppeax temporarily to raw 
or lower the tftnpenlnre of the body. After stsying 
»ixtfien mimttes in a dry air at 64° Cent, M. Delarodie 
(tttfterved the leniperatare of the akin to be mtsed 

During various disorders the temperauire of hi 
beings in liable to be raiiied to u faigber standanL 
ftver the heat has been observed at 1 04- '. M. Pi 
wiUewed a case of tetanus ia which the temperature 
elevated 7° Cent above the natural standard. Mr. 
Mawkins mentioned to me having witnessed, that in a 
person who died within twenty-four hours after an injiiij 
of the spinal chord at the lower part of the neck, which 
crujthed it, and produced paraplegia, the thermometer 
applied to tho groin ten minutes before death rose to 1 1 1 °. 

The young of wonn-blooded animals have a tern] 
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ture lower than that of adults. The same difference has 
been noticed in the human species. M. Breschet ascer- 
tained, upon an examination of ten infants within forty- 
eight hours after birth, that their temperature varied 
from S*° to SS^.S Cent. 

There appears to be a remarkable difference in the 
young of warm-blooded animals as to their power of 
producing heat. A Guinea pig soon after birth is able 
to resist a low temperature nearly as well as an adult ; 
but kittens and puppies newly-born lose their tempera- 
ture rapidly when tlie external heat is artificially lowered; 
in a fortnight, however, they acquire the power of evol- 
ving heat. This difference bears a relation to the general 
forwardness of animals. Those which are born with 
[heir eyes open, can sustain themselves at a given tem- 
perature: the opposite class resemble at first cold- 
blooded animals, and their temperature falls with that 
of the surrounding media. A parallel difference is ob- 
served in birds, some of which quickly walk and run 
upon breaking the egg : but others, as for instance the jay, 
appear hatched before their time, and three or four weeks 
elapse before they can sustain a standard temperature. 

Dr. Edwards, from whose valuable work on the in- 
fluence of physical agents upon the animal ceconomy 
I have largely borrowed, connects with tlie preceding 
remarks an interesting observation of the temperature 
of a child born at seven months. At this period the 
existence of the membrana pupillaris ranks the infant 
with those animals born with closed eyelids; and the 
temperature of the infant in the case alluded to did not 
exceed 32° Cent, although the child was well wrapped 
up and placed before a fire. 



20* Phenomena of Hibernation. 

The power of producing beat seems to be different at 
different seasons. Dr. Edwards artificially exposed five 
sparrows to the infiuence of a low degree of temperature 
during three hours at different periods of the year. In 
February the heat lost averaged at 0°.t Cent, in July at 
S°£2 Cent, in August at *°.87 Cent The consdtuticMi 
thus adapts itself to the temperature in whicli it is placed: 
when less lieat is called for, less heat is habitually pi 
duced; and the power of producing it in large quantitj 
is temporarily lost 

Animals that hibernate remain during life unable 
sustain a standard temperature against any considerable 
external cold. In tlie month of April, the air being at 
16" Cent, Dr. Edwards exposed a bat to the temperature 
of 1° for an hour : in this time its temperature fell from 
34° to l*". Adult sparrows and Guinea pigs under 
corresponding circumstances lost from 2° to 3° only. 

Animals of this description on the approach of winter 
seek to envelope themselves in substances which contri-J 
bute to prevent the abstraction of heat and the access 
fresh air, and then fall into a torpid state, during whit 
they take no nutriment; and tlieir breathing and 
circulation of the blood are so languid, that tlie perform- 
ance of these functions has been doubted. 

During the torpid state the temperature of the bodi 
falls nearly to that of the surrounding media: if thi 
animal be roused, its temperature becomes elevated. 

The air of the apartment being l^.S Cent, the tempe- 
rature of a torpid bat was 4°. M. de Saissy roused it 
by mechanically disturbing it. The animal took an hour 
to wake: at the expiration of thirty minutes its tempe- 
rature had risen to 15°, when fully roused, to 27 



In 
yat 

:tO^^ 



Thft^J 



w. 



Effi-ch of extreme Cold. 205 

perature of a dormouse under siniilnr circumstiuices 
to 36°, it£ standard heat. 

is remarkable tlmt cold serves as a means of waking 
hibernating animals, as well as mechanical excitement or 
a Jiigh temperature. M. de Saissy carefully exposed a 
torpid dormouse at a window looking to the north, when 
the centigrade thermometer stood at —4°. After a period 
somewhat longer than in the preceding experiment, the 
animal was roused, and its temperature rose to 36°. But 
in this instance the cold which wakes the animal from 
its torpid state becomes quickly fatal ; tlie temperature 
falls again, and the animal sinks into a lethargy which 
mortal. 

The hibernating animal thus perishes of cold tike 
ler animals. 

beings, when sufficient heat cannot be pro- 
duced to meet the demand from without, the lempei-ature 
of the body falls, excessive drowsiness and inclination to 
sleep is felt, which, when indulged in, proves fatal. The 
frame is then iti a condition tlie least calculated to resist 
the effects of cold ; as heat is habitually produced in 
greater quantity during the waking state than in sleeps, 
during exercise than during repose. Dr. Edwards made 
the curious remark that the power of enduring and re- 
tvering from the effects of cold in young animals, is in- 
>ely as their power of producing heat ; so that kittens 
puppies newly-born can live for two or three days at 
temperature of 20° Cent, or even two or three degrees 



> The accumulation of heat in the system is no less fatal 
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than its mpul abMractitm. <Jopiou>> ))erspiraUan end 
intense ihirM, difficulty of breathing, violent pain in the 
breast, and palpitation of the heart, followed by insensi- 
bility, were the symptoms remembered by one who sur- 
viyed the iraprisonment in the black hole at Calcutta. 
Of 146 who shared these sufferings, twenty-three only 
survived one nigltt'ii confinement in a crowded dungeon 
during a tropical night''. These fatal effects appear to 
have ensued in consequence of the hot and confined air 
becoming saturated with moisture, which prevented fur- 
ther evaporation from the skin, aud kept the heat of the 
body permanently raised above the usual standard. 
Delaroche has ascertained by experiment, that animi 
placed in an atmosphere charged with moisture cannot 
support tt degree of heat slightly raised above their na- 
tural standard. 

Sir C. Blagden observed, when exposed for a few mi- 
nutes with his clothes on and afler a hearty repast to a 
temperature of S+O", an oppression upon the chest, aU 
tended with a sense of anxiety; aud the pulse was found 
to beat 1*+ pulsations immediately uiwn leaving the 
heated room. Upon exposing himself in the forenoon 
after a moderate breakfast to the temperature of 220° 
without his slurt, the impression of tlie heated air was 
at first painfully disagreeable ; but in live or six minutes 
a profuse sweat broke out, which gave instant relief 
and took off all the extraordinary uneasiness : at the end 
of twelve minutes he left the room very mucit Jatigaed, 
but no otherwise disordered; his pulse had risen tolSfi.' 

' Dodsley's Annual Raster, 1T5B. ' Phil. Trans, vol. Ixv. p. 4B9. 
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CHAPTER XI. 
OF THE BRAtN AND NERVES. 



Of the Elenicnis of a Nervous System, and of Con- 
sciousness. 

The polype, which was divided in the experiments a 
Trenibley, is a thin gelatinous tube about an inch i 
length, closed at its narrower end. From the margin q 
its open extremity a fringe of long and slender filaments 
or Lentacula is produced. Every part of the polype i 
contractile : by means of its tentacula it discriminates J 
and seizes its prey, and conveys it into its digestiTS'l 
cavity ; it moves from place to place by alternately at- J 
taching either extremity: its structure seems a jelly 4 
containing inniunerable granules. When turned inside^ , 
out the new internal surface acquires the faculty of ^ 
gestion: when divided, each half becomes a corapleta 
polype. 

Thus in the lowest animals the properties of hfe seem 
equally diffused throughout their substance : each half 
of a polype may form a portion of a sentient being, or 
become upon meclianical division individualized. 

Cuvier has arranged the diversified species of animals 
under four classes, which consist, 1. of radiated, and 2^ 
of articulated animals; S. of mollusca, and i. of verte* 
brai animals. The polype is nearly at the commence^ ■ 
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ment of this series ; but in the same division other a 
mals are found, which have a distinction of organs, i 



s system 



In the star-fish the 



a nervous 

found as in the human brain, but wrought into a much 

simpler form, although ujion the same general plau. 

The material of which a nervous system is furmed, is 
a soft tenacious substance, varying in colour Irom an 
orange white to a reddish brown, from a bright yellonr 
to gi-ey or black. When a thin slice of nervous mal 
is spread upon talc and viewed in a microscope under 
drop of water, it is found to consist of an aggregation 
mmute globules of different sizes, the largest conside- 
rably smaller than a globule of the blood. The nervous 
matter is met with wrought into rounded masses or into 
flattened chords, to which greater or less firmness is 
given by sheaths of a delicate membrane, that is distri- 
buted in fine layers and processes upon tlie surface and 
throughout the substance of parts of the nervous system. 

A nervous system appears essentially composed of two 
parts ; of a central organ consisting of two chords, one 
corresponding with either half of the body, upon which 
nodular masses are generally placed ; and secondly, of 
other chords or nerves, derived from the central organ 
to the sentient surfaces or contractile parts of the anim&L 

In the star-fish (a radiated animal) the central organ 
consists of a ring of white nervous matter, which sur- 
rounds the orifice of the stomach, and gives off opposite, 
to the centre of each ray nerves for its supply. 

In the centipede (an articulated animal) the cent 
organ consists of a double chord extending its whole 
length immediately within the integuments of the ab- 
domen : at the middle of each intersection a nodnle is 
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fornietl upon each chord, from which the nerves of thnt 
part are derived. The foremost of this series of pairs of 
nodules is placed below tlie oesophagus, and is joined by 
two filamcnu to another placed nbove it ; from tlie. latter 
are given off nerves to the eyes and lo the antenntc. 

In fresh-water muscles (mollusca) the central organ 

isists of a nodule on each side of the cesophajrus, a 
double nodule in the foot, and another before the greater 
muscle of the shell, which are united together by white 
chords, and distribute nerves to the parts adjoining. 
Mr. Cffisar Hawkins delected in the fresh-water muscle 
A striking proof of the identical nature of the nodules 
found upon different parts of the central organ of the 
nervous system in the lower animals. In this instance all 
the nodules are of the same colour, a remarkably bright 
yellow, while the chords which connect d)em are white. 

In vertebral animals the central organ consists of a 
double chord, or spinal medulla, contained in the ver- 
tebral canal, and prolonged into the cranial cavity, where 
nodules are formed ujxin it, which are called the brain. 
From the spinal choi'd and base of the brain nerves arise 
in jxiirs, which are distributed to all parts of the body. 

The principle of improvement in the nervous system 
throughout the ascending scale of animals is the pro- 
gressive accumulation of nervous matter in larger masses 
upon that part of the central organ, which is nearest the 
head or mouth. In proportion as this alteration fiom 
the simplest type of organization is effected, the animal 
becomes more and more individualized; portions sepa- 
rated from it are found to be less capable of indepen- 
dent existence, or the destruction of one organ is ob- 
served to produce more derangement of the rest. 
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Sucli ate the physical elements of a nervous systei 
and the arrangement of parts belonging to the simpli 
and to the most complicated. Let us proceed to- 
amine the moial phenomena common to ail sentli 
beings. 

We attribute consciousness to animals from the re- 
semblance of their habits to ocr own. We form definite 
notions respecting their tnotal properties by explaining 
their habits upon the simplest principles, which produce 
the like in ns. 

The perception of a sensation is one of the simplest 
affections of consciousness that we con conceive. Upoa 
analysing this phenomenon we distinguish three ete^ 
ments combined in it: a material impression is comma* 
nicated to an organ of sense, a change ensues in tht 
physical condition of that organ, and perception follow!). 
Thus in vision, rays of light impinge upon the retina, 
an affection of the optic neiTe and brain ensues, and we 
see light or colour. Of the three parts into which this 
phenomenon resolves itself, the last alone is an atlectioti 
of consciousness : the two first are affections of matter, 
the antecedence of which distinguishes perception from 
mental phenomena that resemble it. The conception or 
imagination of objects in a dream is as vivid and pei"- 
suasive of their reality as actual perception, but is not 
like the latter produced by impressions upon our organs 
of sense. 

The term sensation is legitimately used in two sensi 
either to denote the physical change in onr organs whii 
precedes perception, or as synonymous with the tei 
perception. By blending these two ideas, sensation is 
frequently understood to signify an affection of llte-Biiad 
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resulting IVoiii iimlei iul ini]M-eBgiviis, wliiijli is supposed 
to be the proper object of perception : but tlie element 
thus Resumed is a logical fictioo. 

Wc can imagine a corporeal being, tbe moral pro- 
perties of which should be limited to sensation only: it 
is possible, for instance, that plants feel, although we 
have every reason to believe the contrary to be the feet. 
In such a case, however, we have no means of ascer- 
taining theexistence of sensibility. Movements in other 
beings, such as in ourselves are voluntaiy, constitute out 
only evidence thai they feel. 

Volition is another simple aflection of consciousness, to 
define the nature of which we have but to abstract from 
it the phenomena usually presented to the mUid in com- 
bination with it. We tliat are blessed with health ha* 
bitually connect volition with a sense of muscular effort; 
but when the limbs are paralyzed, tlie patient looks at 
them, nnd wills in vain their movement: with him the 
act of volition, like the apprehension of an htunurous 
conceit or any other purely intellectual operation, is un- 
attended with sensation. Volition, in the sense to which 
it is commonly limited by physiologists, means but the 
attempt to produce muscular action ; nnd the affection of 
the mind, though during health habitually followed by * 
this result, may take place perfectly, as happens on va- 
rious occasions including the instance above selected, 
without a single muscular fibre moving. 

Besides sensation and volition, a third element is 
wanted to compose a scheme of consciousness analogous 
to our own. Some cause must be supposed capable of 
determining the occasions, upon which the will energizes: 
■motives must exist to actuate the will. 
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Upon referring to the ordlnnry operations ol' our own 
minils, volition appears to lake place whenever we have 
reason to anticipate a certain degree of gratification or 
advantage Irom its exertion. We know by experience 
the prompt influence of the will upon our muscnlar 
Irnme: — we are able lo conjecture with more or less 
certainty the consequences of different voluntary actions: 
— and we will with a general or precise understanding of 
what the result will be, and in order to obtain it A 
hungry jjerson knows that the food he prepares to eat 
will gratify his appetite; a drowning person hopes that 
his cries will bring people to his assistance. But there 
are other instances in which conscious motives cannot be 
assigned for voluntary actions. The infant at the breaat, 
or struggling when first plunged into water, employs ef- 
forts for its sustenance or preservation no less volurttarif, 
than those of the famished prisoner when nourished by 
his daughter's piety, or of the drowning Roman when he 
exclaimed, " Help me, Cassius, or I sink." But in the 
infant the motive which leads to the voluntary effiirt is 
not a calculation of advantage, but a spontaneous ten- 
dency, a blind inclination, an Instinct. 

Instinct appears to consist in a natural tendency to I 
the performance of" definite voluntary movementif upoo 
the occurrence of certain sensations or states of inward 
feeling. We have experience of its influence in our own 
persons at every period of life^ and can analyse its nature 
both under circumstances where it does not admit of 
control, and in cases where we are capable of modifying 
or repressing its impulses. 

The sudden start which is observed in nervous perw 
sons upon hearing an unexpected noise, is an instinctive 
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action of the former kind. The same phenomenon is 
observed in animals, in which its 6nal cause appears to 
be tlieir instantaneous retnovol from uncertain danger. 

The expression of the countenance depends upon the 
instiDCtive action of its muscles. There are some oc- 
jCasions on which we can resist the natural tendency to 
wear a smile or a frown upon the face ; but there are 
ethers on which tlie practised efforts of a man of the 
world are ingufficient to prevent his thus betraying the 
expression of transient feeling. The consti'aint, of which 
we are conscious as the efForl is more or less successful, 
is like that commonly experienced upon refraining from 
voluntary actions that have become habitual. We see 
in the advantage derived to the intercourse of society 
irom this universal language, the reason why nature has 
implanted so strong an instinctive tendency to its use. 
. Breathing is another action to which we are led by 
instinct, in order that when the attention is distracted 
from this necessity of the body, it may yet sustain no in - 
terruption; and throughout life llie influence of the in- 
stinctive tendency over respiration appears never to be 
diminished or habitually superseded. 

The movements employed in the prehension of food 
are primarily instinctive, but are afterwards in a great 
degree performed upon reflection. Nevertheless, tJie 
contact of the food resting upon the root of the tongue 
always excites an instinctive act of deglutition, which we 
may suppose Intended to ensure the protection of the 
respiratory organs. 

Many writers oppose inslinctlve to voluntary actions, 
and suppose th.it in the former a princi|jle different from 
volition directs the muscular effort. I am induced to 
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prefer llie uccxjunt of instinct which I have ^ven, a 
seems to me both more simple and more consistent w 
observation. 

Instinctive tictions ore attended with a conscious efibrt 
like those which we wiil upon reflection, but imhke the 
action of the heart or stomach, over which the will exerlq 
no influence. 

As we are able at our pleasure to motlify tlie expre 
sioD of the countenance, so can we at any time instatv 
taneously assume the control of breathing, and suspi 
it or accelerate it. Or if we have breathed for a shoi 
time by n conscious eflbrt of the wiil with n 
inspirations, we can allow the function to i-etum to it 
usual rate without any abrupt transition as from one 
mode of action to a different mode. 

One nerve alone is employed for the transmission both 
of lite instinctive impulse, and of the deliberate influence 
of the will. The diaphragm is rendered equally insen- 
sible to either stimulus, when the phrenic nerve is di- 
vided: and upon cutting through the portio dura of the 
seventh pair upon the face, I ascertained that the muscles 
which it supplies are paralysed ibr every mode of 
action. 

Among the various examples of instincts peculiar 
to animals, the industry of the bee himishes a thetne of 
common admiration. The principle, by which tlie bee 
is led to model its cell with mathematical precision, is 
probably the same with that which leads the infant to 
its first inspiration. The insect in nil likehhood fore- 
sees no advantage from its Inboin-; and the skill which 
it displays marki^ but the curious wisdom of its Creator, 
who moulded the living being for sensation and enjoy- 
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Iflieiit, yel directed its blind propensilies willi pyjfect art 
■ and unerring accuracy to important ends. 
I The instincts of animals in some degree give place to 
I other principles. The young of every species liave a re- 
I markable tendency to imitate the habits of those around 
w^em. Ttie human infant quickly adopts something of 
nthe manner and expression of those who nurture it. In 
nnnging- birds the influence of this principle is so remark- 
able, that if brought up exclusively with birds belonging 
Mb another species, they learu tlie song of their com- 
' panions instead of the notes proper to their kind ''. 

Memory is shown to belong to animals on numerous 
occasions; as for instance, by their caution in shunning 
places where tliey have been disturbed^ to which their 
instincts would lead them to return. To the same prin- 
dplemay be attributed the seeming wariness of old aui- 
LsAutls in a wild state. Instances of apparent contrivance 
b animals result probably from the recollection, and con- 

1 the repetition of former fortunate accidents. 
' But whatever vestiges we observe of human faculties 
ti animals, — a susceptibility of attachment and of aver- 
ion, appetites like those of man, and a seeming sagacity 
I providing for their wants, — they yet exhibit nothing 
1 strictly be compared with human reason. Ani- 
ials appear to share the same first impulses v'uh human 
Mings, but iiot having the power to reflect, or deliberate, ts "j 
t to conceive the combination of means for the attain- *A / 
ment of an end, they derive little advantage irom expe-\"" 
ience, and want that capacity of indefinite improvement,^ _ 
■*Vhich alone might vindicate for Man an exclusive claim 
to Immortality. 
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' 'Analomy nflke Brain a)id Sphial Chord hi Man. 

The central organs of the human nervous system a 
contained in the cranial cavity and vertebral canal. We 
trace in tlie external convexity of the bones of the head, 
in their sutural union, and in the different density of the 
three layers of which tliey for the most part consist, a 
provision to protect the brain against external injury. 
In the numerous joints of the spine, and in the limited 
movement allowed to eoehi we trace a provision for the 
equable distribntlon of pressure upon tLe contents of 
vertebral canal during its necessary flexions. 

Upon partially removing the cranial bones or 
arches of the spine, the outermost of three membranes 
is brought into view. The dura mater is a thick fibrous 
membrane of great strength ; which in the cranial cavi^ 
serves as a periosteum to its concave surface, but which 
in the vertebral canal, where it receives the name of. 
theca vertebralis, forms a flattened cylindrical tube of less 
diameter than the arch of bone, from the periosteum of 
which it is separated by ligamentous, cellular, and adi- 
pose texture. The want of adhesion of the theca ver- 
tebralis to the bones that contain it in another pro- 
vision for the security of its contents. Across the cranial 
cavity the dura mater throws membranous processes 
which are interposed between the divisions of the brain, 
and serve to support its parts. In the tense edges of 
these septa, or in other parts of the dura mater, chan- 
nels are formed termed sinuses, which serve as the ve- 
nous trunks of the brain; and from tlieir dense 
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Byieldiiig nature are not liable to be dilated like other 
1 venous trunks when the return of the blood to the 
[ heart is impeded. The smaller veins are further ob- 
Berved in many instances to open into the sinuses ob- 
\ liquely against the natural current of the blood, which 
I'iirhen refluent tends to close their apertures, and thus 
Mrotects them in some degree from its own pressure. 
The second or serous membrane of the brain is termed 
the arnchnoi'd. It invests the buse of the brain and the 
upper part of the spinal chord very loosely, and even at 
other parts does not dip into the fissures between their 
subdivisions. The arachnoid membrane is reflected to 
line the inner surface of the dura mater upon the vessels 
and nerves, which pass from the brain to the dura mater 
in the cranial cavity and vertebral canal, and in the latter 
by special additional processes termed ligamenta den- 
tate, which extend from the side of the spinal chord, one 
between the roots of each nerve, lothctheca. The arach- 
noid membrane removes the brain from continuous sym- 
pathy with the bones and integuments, but it diflers from 
other serous membranes in presenting an umisually dry 
surface. 

The thinl or inner membrane is the pin muter, or 
proper tunic of the brain and spinal marrow, which 
strictly invests the surface, and penetrates throughout 
the substance of these organs conveying their vessels 
and detennining their fibrous structure. M. Mngendie 
has ascertained that in living animals a quantity of se- 
rous exudation always exists between the pia mater and* 
tunica arachnoides, which passes readily from tlie sur- 
face of the brain to that of the chord. To see this ap- 
pearance in human beings it is ordinarily requisite to 
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upeii lilt: body not many hours niter death, or the liquid 
will have been imbibed by the neighbouring surfaces*. 

The central organs of tlie nervous system are the 
dulla spinalii, the medulla oblonguta, the cerebrum, and 
ccrebelluni. In the following brief description I shall 
endeavour to de6ne with precision the limits of the me- 
dulla oblongata and spinal marrow, and shall, for reasons 
which will appear in the sequel, include under the former 
term parts usually considered as belonging to the cere* 
brum. 

1. The spinal chord occupies the theca vertebraltx ' 
from the first limihar vertebra, where it terminates in a 
tapering point, to the margin of the foramen magnum* 
where it is continuous witli the medulla oblongata. The 
spinal chord has the form of a flattened cylinder : its 
breadth is greatest at the tower part of the neck and at 
the lower [lart of the back: its surface is of white ner- 
vous matter. It is marked, 1. anteriorly in the median 
plane, witli a deep longitudinal furrow, at the bottom of 
which is an appearance of white transverse fibres, re- 
sulting fiom apertures of canals that transmit vessels : 
2. behind in the median plane, with a shallow longitu- 
dinal furrow : 3. and 4. laterally, with an anterior sod a 
posterior longitudinal furrow on either side, the former 
UTegularly and slightly tiaced, the latter deeply; the 
roots of tlie spinal nerves are attached at these fut^ 
rows : 5. finally, a third shallow longitudinal furrow is 
found on either side between the posterior median i 
•posterior lateral furrows. Upon making a I 
section of tlie medulla spinalis, a thin gibbous layer 
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grey matter is seen in either lateral half: tlie convex 
margin of each portion looks uiward.s, and is joined to 
its fellow bj a transverse layer : the anterior horn of the 
lateral grey matter looks forwards niid outwards, aiid has 
three points ; the posterior horn is prolonged towards 

tthe posterior lateral furrow. The i>urroiu)duig white 
latter seems composed of thick flattened bands, the thin 

radges of which are turned towards thegrey matter. When 
the spinal chord has been hardened by continued mace- 
ration in alcohol, the white part peels readily into lon- 
gitudinal fibres, that are resoluble into filaments, which 
continually branch, and thus attach themselves to those 
adjoining: the grey matter is of a less coherent texture, 
and generally appears granular". 

2. The medulla oblongata commences as a cone about 
atxteeu lines in height, the narrow end of which is of the 
' some breiidlh as, and continuous in substance witti, tlie 
spinal chord. Upon either side of and disposed parallel 
witli die anterior median furrow is a broad Battened 
band called the anterior pyramid, upon the outside of 
which is an oval prominence, called the corpus olivare. 
The lateral part of llie medulla oblongata is formed of a 
thick round chord ascending towards the cerebellum, 
called corpus restiforme or crus cecebelli; and inter- 
vening between this and tlie posterior median furrow is 
a narrow band termed the posterior pyramid. The pos- 
terior pyramid five lines above die commencement of 
the medulla oblongata forms a knee, and recedes from 
its fellow, leaving a broad lozen-shaped surface of grey 

* The author ii preparing for publication a series of engravings. 
Kvhich represent the fibrous stnictnre of the spinal thord and brain. 




220 Limits of' the Spinal Ckoid and Medulla oblongata. 

matter exposed : the suifaces of the rest of the medulla 
oblongata are white. The posterior median furrow is 
traced upon the grey matter, and from it on either side 
a few while filaments extend laterally, to which appear- 
ances conjoined the term calamus scriptorius ib given. 
A transverse section of the lower part of tlie medulla 
oblongata shows that the horns of the cenu-al grey matter 
enlarge at their extremities, inclosing white matter in 
an incomplete hoUow cylinder of grey. A section through 
the corpus olivare shows that it contains a thin layer of 
grey matter very curiously folded so as to be open inter- _ 
■tally and behind only ; it is colled the corpus fimbriatuni 
The line of separation between the spmal cliord audi 
medulla oblongata, though distinct in the recent subject 
is more satis lactorily made out in the hardened brain>B 
If tlie upper part of the anterior median furrow of t 
medulla oblongata be spread open, the same ajipearanc^ 
is met with of transverse fibres as at the bottom of t 
corresponding furrow in the spinal chord; but towordsl 
the lower part three or four broad fasciculi are found to 
ascend obliquely forwards from the centre of one half of 
the spinal chord, and to join the anterior pyramid of the 
opposite side, decussating their fellows. The spinal 
chord may be described as terminating at the point where 
this important change of structure first appears. On 
cutting through the upper part of Ihe anterior pyramid 
of the hardened brain, it is found to be reticularly fasci- 
culated; and when reflected downwards it appears tob 
derived, principally by tlie decussating fibres just d» 
scribed, from the central part of the opposite half of the ' 
spinal chord; in part from the anterior fasciculi of the 
spinal chord on the same side ; in part from semicircular 
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fibres that extend to the side of the coi-pus restiforme, 
On cutting through and stripping down the corpus res- 
tiforme, it is found to carry with it the posterior lateral 
r furrow: the anterior lateral furrow terminates among 
I &sciculi, which are continuous with the corpus olivare, 
Al! the parts of the medulla oblongata, except the an- 
Pterior pyramids ant! corpora reatiformia, cross over the 
pons Varolii, aud having passed its anterior margin are 
joined above by a process from the cerebellum, below 
by the thickened substance of the anterior pyramids, 
that has passed through the pons Varolii, from the grey 
matter of which it receives additional filaments. The 
mass of substance thus formed is termed the crus cerebri: 
^^ft npon its upper part are placed several small hemisphe- 
res rical bodies, of which the tubercula quadrigemina are the 
^^f most remarkable; they consist of a greyish substaucc 
disposed cup within cup, from which fibresare sent to 
reinforce the crus cerebri: at the same time the crus ce- 
rebri is more than half surrounded by the semicircular 
fasciculi of the optic thalamus : on emerging from thence 
the greater part of the crus cerebri passes through the 
^H^ Vfey matter of the corpus striatum, the fore and under 
^^1 'part of which affects a disposition in concentric filaments : 
^^B from each of tliese bodies numerous fasciculi of white 
^^P fibrils arc atlded to those of which the crus cerebri pre- 
^^V^ously consisted. 

^^■" The tubercles, the optic tlialami and corpora striata, 
^^1 may be associated with the medulla oblongata in (he 
^^B- anatomical description of these parts, upon the grounds, 
^^* that they continue die function of the medulla oblongata 
in giving origin to nerves, and that after their abstraction 
the cerebrum retains all the paits which it ever has iu 
vilhlhe cerebellum. 
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3. The cerebellum seen from above presents a slaiil 
ing flattened sm-face of tlie breadtli of theoa occipittf 
which wouhl be oval but that its central part is notdn 
before and behind. The surface of the cerebellum is 
grey nervous matter, and is disposed in concentric 1^ 
minse, separated by furrows from one to eight lines in 
deptii. The under surface is divided into a hcmispht 
rical portion on either side, with concentric grey lanuni^ 
to each, and the shrunk central portion, separated by 
shallow longitutlinal iiirrow from either hemisphere, 
transversely laminated: the central portion coiistitut 
the upper and under vermiform processes. The hei 
spheres of the cerebellum are united anteriorly by 
broad band of white matter, called tile pons Varolii. 

U|)on a section of either hemisphere of the cerebellum, 
the giey matter is seen to form a continuous layer of two 
lines in depdi, spread over wliite nervous matter, which 
has the form of a stem dividing into branches whidi^ 
again divide and subdivide. The appearance is termed 
the arbor vitse: towards its inner part a corpus fimbriatum 
is found of larger dimensions but of similar structure to 
that in the corpus olivare ; it is open within and befora 
The cerebellum is united to the medulla oblongata h 
its inferior pediiiiclas and by the corpora restiformia, 
the brain by the upper peduncles or pillars of the vab 
of Vieussens. The middle peduncles are those whiclB| 
iniite either hemisphere in the pons Varolii, 

When the cerebellum has been hardened in alcohol; 
its white substance is found to be arranged in fibres 
upon the following plan. 

One series of fibres is disposed in plates tliat ar*^ 
parallel to the surfaces of the lamina : these fibres arti' 
individually disposed in planes vertical or nearly 
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filiey form meitia of communication Iwtween difFereiU 
I parts of the grey surface of the cerebellum, joining to* 
t gether neighbouring laminte, or laminee more remote 
I from each utiier, or finally lamiiiEe belonging to scpo* 
Y rate lobes. 

The central substance of the arbor vitaj is conti- 
Inuous with the peduncles of the cerebellum. The 
I middle peduncle is the largest, is external, and spreads 
l^lts fibres towards every part of the circumference of tlie 
■ ■cerebellum. The inferior peduncle is next in size and 
place, and distributes its fibres in greater proportion to 
the upper than to the under surface of the cerebellum. 
The upper peduncle, which is tlie smallest and iuner- 

tmost, enters the cerebellum covered by the preceding, 
in great part enters the corpus fimbriatum, and distri- 
butes its fibres more to the under than to the upper sur- 
fece of the cerebellum. On tearing asunder the fibres 
of either peduncle they are found to be continuous, no 
doubt through intervals between the former series, with 
Ihe grey matter of the surface. 
The \enniform processes derive their ijhite matter in 
part from the peduncles of the cerebellum, in part from 
the Vieussenian valve, which consists of a double series 
of white fibres, upon the upper surface of which a row 
of single lamina is formed of identical structure to those 
t of the upper vermiform process, with which they form 
I a continuous si 

Thus the cerebellum is composed — of a folded layer of 
I grey matter, — of white fibres which connect together the 
y neighbouring and remote folds or lamuiac of the same 
^ hemisphere,— of white fibres which connect the grey 
1 matteroftlieoppositehemispheres, — of white fibres which 
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connect the grey mailer of each hemisphere with the 
same side of the medulla oblongata,— and of white fibres 
which connect the grey matter of each hemisphere wi| 
the same side of the crus cerebri. 

4. The cerebrum seen from above consists of two hi 
mispherical masses, the surface of which is of a grey 
colour and divided by winding furrows of varying depth 
from a line to two inches, into the appearance of convo- 
lutions. The deepest furrow on the outside separates 
tlie anterior from the middle lobe ; the deepest upon the 
inner surface separates tlie middle from the posterior 
lobe. The hemispheres cohere by means of a white 
ma^s called the conmiissura magna cerebri : a section of 
the cerebrum shows that the grey matter forms a layer 
of llic depth of about three lines containing white matter. 
When ihe cerebrum is hardened, the grey matter l>e- 
comes fibrous, and tears vertically to the surface and 
the white matter is found to l)e disposed on tlie same 
principle wiih tliat of the cerebellum. One series of 
fibres may be raised in plates which connect the grey 
matter of adjoining, as well as of distant convolutions of 
the same hemisphere. Another series collected prin-^ 
cipally in the corpus callosum and in the anterior coi 
missure connects tlie convolutions of the opposite hemt] 
spheres ; and each crus cerebri again spreads its fibres 
the convolutions of the whole circumference of its het 
sphere. The entire series of white fibres, wliich, 
ciated with or forming Uie crus cerebri, diverge from the 
centre of the base of the brain towards its circumference 
are composed, 1. of.tlie anterior pyramid, the filaments 
of which pass through the intervals of the cross fibres of 
the pons Varolii, and are reinforced by others, which 
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l-Astiiictly arise from the jrrey inaLtcr cuntuilied iti tlicsc 
i-vaU; 2. of all the remniniiig ports oF the medulla 
I oblongata, exceptiiiglhe corpus restiforme, and pan ol'tlie 
I posterior pyramid : 3. of the white matter of the valve 
I ttf Vieussens, and of its pilUrs : 4'. of filaiiicntfi derived 
I from the tubercula quadrigemina, frotu t)ie ojitic tha- 
[ lunuN, from the corpus striatum. 

The ventricles of the brain are cavities in it, which iji 
most instances result from the want of adhesion of oppo- 
site surfaces of adjoining parts, diat have each their co- 
vering of piu mater : thus the fourth ventricle is the 
chamber interposed between the medulla oblongata, the 
cerebellum, and its ])eduncles ; the third ventricle is the 
space between the receding surfaces of the tbaJam! ner- 
vorum opticorum, and tlie crura cerebri,' and the fillii 
ventricle is a hollow between the layers of the septum lii- 
cidum. In other instances ventricles are c&vhies wrought 
in particular organs of the nervous system, not left by the 
want of union of dissimilar parts in juxta-position. It 
may be remarked us a law in the formation of the brain, 
that whenever any part is very strikingly developed, 
a ventricle is formed in it. The ventricle in the optic tu- 
bercle of birds, the ventricle in the processus mammil- 
loris in quadrupeds, the posterior hoiii of the lateral 
ventricle in man, a ventricle which exists in the ]ks hip- 
pocampi in man, and tlie ventricle in the large posterior 
part of the medulla spinalis in birds, may serve as illus- 
trations of this remark. 

The most serviceable impulse that has been given 
to the study of the anatomy of the brain of late years, we 
may attribute to the theoretical account given by Drs. 
Gall and ^Spurzheim: but tlie most valuable collecdon 
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offsets ofMU (lie .snmG subject is containei) in the essays 
of Reil, The happiest, nnd most original observation 
Taaile by MM. Gall and Spurzheim consisted in point- 
ing out llie relation observed in the dispositiMi of 
the grey and of the white' matter in the brain. The 
exiiminatiun of the hardened brain by the method of Reil 
further tends to show that the grey matter in the spinal 
chord, in the mednlla oblongata, in the tubercles, in the 
corpora striata, and upon the surface of the cerebrum 
and cerebellum, constitutes the essential part of these 
organs, or that in which impressions are linally received 
or with Which the phenomena of thought are perhaps 
immediately connected ; while the rest of the mass ap- 
pears composed of media of transmission only, calculated 
to convey to one part the influence derived from another. 
The ner\'esin the Iiuinanl>o<ly are forty pairs of white 
chords, in Ibrm cylindrical or Satlened, which exi 
from die spinal marrow and medulla oblongata to ev< 
organ in the body. The nerves while within the di 
mater are either covered with an outer tunic of arach- 
noid membrane, or are contained between the arachnoid 
membrane and the pin mater. After perforating the 
dura mater the nerves are invested with a thidt dense 
glistening tunic, which is called their cellular coat. 
Each nerve consists of many fibrils, that near tlie brain 
coalesce by oblique cross branches, and near die cir- 
cumference of the body lie in parallel apposition only. 
Each fibril is invested by a delicate vascular membrane, 
which unites together all the fibrils that are contained 
within the outer tunic : this membrane is analogous to 
the pia mater; it forms the proper tunic of a nerve, and 
is termed the neurilema. Each fibril in a nerve consists 
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of minute filaments, separated ov united l)y layers of the 
neurileina: the primary filaments are composed of glo- 
bules resembling thoBe of the bruin. 

The attachment of a nerve to the brain is termed its 
rout or origin. A large proportion of the filaments tliat 
fcrm the roots of nen-es may be traced into grey matter. 
The opposite extremity of a nerve, in the only cases in 
which the disposition is not too minute for satisfactory, 
examination, terminates ui an expansion of grey nervous 
substance. 

Upon somre nerves are found oval or spherical swell- 
ings of a greyish colonr, that are termed ganglia. Gan- 
gUa are met with either upon the undivided trunk of a 
nerve, or where several branches meet. In either case, 
one series of filaments connects the ganglion with tlie 
medulla oblongata or spinal chord, and an opposite series 
connects it with the organs in which nerves termi- 
nate. A ganglion appears to be a bed of gdatinous 
membrane, within which every nervous fibril that enters 
it distributes filaments to concur in forming every ner- 
vous fibril that leaves the ganghon. 

Plexuses are similar interlacements of the fibrils ol' 
nerves which are met with in the common cellular mem- 
brane of the body, as for instance, in the neck, in the 
L&xilla, in the lumbar region, and in the jielvis. 
B. Thirty-one pairs of nerves are derived from the spinal 
fdiord by double origins. The anterior roots are com- 
posed of numerous fine fibrils which are attached along 
the anterior lateral furrow : the posterior roots consist of 
fewer but larger fibrils attached along die posterior la- 
teral furrow. The greater number of tlie fibrils iu the 
posterior series may be traced to the posterior horn of 
U2 
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the grey matter in the snme side of the spinal cliord; 
but A portimi is coDtinuous with other white matter con- 
tained between the posteriorlateral and posterior mediaal 
furrow. Tbe anterior fibrils probably arise in a similar! 
wiiy ; but 1 have never succeeded in tracing them satis- i 
fftctorily to any distance through the white matter, which 
I attribute to their minuteness. The anterior and pos- 
terior roots are each collected into two fasciculi, and pass 
outwards, a ligamentum dentatum being interposed bei 
tween the two, to separate apertures in the theca vertebralis. J 
Upon their emerging from the theca a ganglion is formed '' 
upon the posterior root, which Immediately afterwards 
joins the anterior, so as to form with it one nerve. Tlie 
Kpinal nerves are named individually alter the bone b&i J 
low which they emerge. The uppermost pass nearlw 
Iransvei-sely outwards, but each in succession afterwards^ 
has a greater inclinatiun downwards. The lumbar and 
Bacral nerves fill die theca from the first lumbar vertebra 
to the lower extieniity of the sacmm, and are called the , 
Cauda equina. 

The nine remaining pair of nerves are termed cere* J 
bral, and are named in succession numerically irom tl 
fore part to the base of the brain. 

The ninth nerve rises by many fibrils Brom the liirrowl 
between the corpus pyriunidale and the coipus oUvare: 
these fibrils are generally collected into two fasciculi, 
which subsequently unite: the larger fibrils may be traced 
to the surface of the corpus fimbriatum of the olivorj^J 
body. 

The eighth nerve consists of the spinal accessory, llie ^ 
glossophaiyngeal nerve, and the nervus vagus. The first 
rises by many slender filaments from the side of the 
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spinal cliord in the upper half of the neck, between tlie 
ligamenta dentata rtiid the posterior roots of the cervical 
nerves. The two last rise by numerous filaments from 
the fore part of the corpus restiforme: the upper fibrils 
form the glossopharyngeal, the lower the nervus vagus. 
All these fibrils may be traced into tlie substance of the 
corpus restiforme, with the white filaments of which 
some of them appear continuous ; the greater part tend 
to the grey matter of the medulla oblongata. A gan- 
glion is formed upon the glossopl laryngeal nerve during 
its exit from the skull, and another upon the nervus 
vagus at the up{)er part of the neck. 

The seventh nerve consists of the portio dura and of 

the portio mollis. The former, which is the smaller of 

the two, rises apparently between the corpus icstiforme 

and the margin of the pons Varolii: its roots are easily 

followed through the fibrils of the medulla oblongata to 

the grey mattei- at its posterior surface. The portio 

mollis is formed upon the corpus restiforme by two roots; 

I one of which is derived from the same part and in the 

I same manner as tlie root of the |Kirlio duni, the other 

' turning round llie outer margin of the corpus restiforme, 

j lexhibits a gaiigliform swelling, and is subseciuently found 

I. to be continuous witli the white fibres of tlie calamus 

[:Scriptorius: some ofthe latter arise from the grey matter, 

I nupon which they lie, while others apparendy coalesce in 

.the median plane with those of the opposite side. 

The sixth nerve consists of two portions, which rise 
I by several fibrils out of die furrow between the posterior 
ji'Diargin of the pons Varolii and tlie anterior pyramid, 
I "Snd may be traced through to the back part of the me- 
LduUa ubiongnla. 
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Tbe fifth nerve eraeiges from the side of the poni 
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; consisting 
merous (ibriis. somewhat posterior and internal 
much smaller fksclculus. The fibres ofeach portion may 
be readily traced through the pons Varolii, behind which 
those of the smaller portion pass through the fibres of 
the medulla oblongata to their origin near its posterior 
surface. Some of the fibres of the greater portion pass 
to the same spot, others slant downwards towards 
corpus restiforme, internally to which they seem to ri( 
in the medulla oblongata. 

The fourth nerve is attached by three or four 
ments to the upper part of the pillar of the Vieussenii 
valve ; its fibrils appear to pass through the filaments oi 
tlie pillar, and in part to rise from the back pari of the 
medulla oblongata, in part to extend through towards 
the anterior surface of tbe cms cerebri. 

The third nerve rises by many filaments fi-onj the, 
black matter behind the outer layer of fibrils in tbe cms 
cerebri. 

The second nerve rises from the corpus geniculatum 
internum, from the corfiora quadrigeniina, from theth»*' 
lamus nervi optici, by fibrils which form a fiattened 
under the name of traetus opticus. The Iractus opticus 
swells into an elbow containing grey matter, termed tiie 
corpus geniculatuni externum, and after a long course 
joins its fellow at the commissura tractuum opticorumj 
from which either nerve proceeds through the fcwamen 
opticuni to the orbit. If the optic nerves, the tractus 
optici, and their commissure be together hardened m 
spirit of wine, their fibrous texture readily tears in the 
following manner. 1. The outer fasciculi at the com- 
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mencement of the optic nerve are found to be directly 
continuous with the outer part of the traclus opticus 
of the same side. 2. Tlie inner fasciculi of the optic 
nerve, of one side are continued along the anterior 
margin of the comniis.^ure to form the inner fasciculi of 
the opposite nerve. S. In u similar manner the inner 
iasciculi of one tractus opticus are continued along the 
posterior margin of the commissure, and are reflected to 
fiirm the inner layer of tlie opposite tractus. 4. Slender 
&Eciculi are found to run from the tractus opticus of one 
side to join the nerve of the opposite. 

The first nerve rises by three or four roots from the 
fore and under part of the corpus striatum : upon the 
lamina cribrosa of the ethmoid bone it enlarges into an 
oval botly through the addition of grey matter. 



Section 3. 

Of the Parts oflhe human Nervous Sj/strni necessary to 
Sensation, Instinct, and Volition. 

\. It may be presmned that those portions of tlie 
human nervous system are sufficient ibr sensation, vo- 
[ lition, and tlie commonest instincts, which correspond 
I snatomicolly with the entire nervous system of inverte- 
I t)ral animals. Now the nervous system of articulated 
L snimals {and that of radiated animals on the one hand, 
and of moUuscn on the other is not essentially ditliii'ent) 
consists of a double chord, from definite points ujTOn 
the whole length of which nerves are derived to the parts 
adjacent. But the niedoHa oblongata and spinal chord 

I in man admit of being described in precisely the same 
terms. It follows therefore by analogy that these parts 
arc likely to be the organs connected with those moral 
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jiheiiomciia, which are shnrecl by niiimaJs {rom a star-. \ 
fish to man incUisively. 

The following nccount by Mr. LawreDce of aii ac&-i | 
phalous infant, which lived four days, establishes dm I 
soundness) of this conclusion. 

" The brain and cranium were deficient, and the basis 
of the latter was covered by the common in teguments, 
except over the foramen magnum, where there existed 
a. sotl tumor about equal in size to the end of the thumbj J 
The smooth membrane covering this was connected i 
its circumference to the skin. Tlie child, as is geuerallJ^ I 
the cose in such instances, was perfectly formed in nil il 
other parts, and had attained its full size. It movetl] 
briskly at first, but remained rgulet ailerwards, except 
when tile tumor was press<}d, which occasioned generaiil 
convulsions. It breathed naturally, and was not ol> 
served to be deficient in warmth until its powers d» 
dined. From a fear of alarming the mother no attempt 
was made to see whether it would take the breast: 
little food was given it by the hand. It voided urine 
twice iii the first day, and once a day afterwards. It 
had three dark-coloured evacuations. The rauduUft , 
spinalis was found to be aintinued for about nn inc^ 
above the foramen magnum, swelling out into a smal 
bulb, which formed the soft tumor upon the basis of th^l 
skull. All the nerves from the fifth to llie ninth wePftJ 
connected with this. The intestines contained a mode- J 
rate quantity of the usual dark-coloured substance; and] 
there was a little fluid of the ordinary appearance in thcr.l 
gall-bladder ''." 

It is satisfactory to find that the results of experimeDto 
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■l^>on living animals are in complete agreement with the 
mnrkable phenomena of the preceding case. 
M. Magendie mentions that if after the removal of the 
^vpper part of the cmniiim in n living animal, the cere- 
Itbrum, the optic luhcrcles, and the cerehelliim be re- 
noved in succei^sive slices, leaving the medulla oblongatn 
tntire to above the apparent origin of the fiflli pair of 
[ terves, the animal is rendered blind, but continues to be 
affected in as lively a manner by pnngcnt odours ur 
tastes, or by irritation of the skin, as if no further Injury 
had been sustained than the loss of blood occnsioneil by 
the experiment. The animal cries, if a hair of its whisker 
be plucked, or if vinegar be held to the nose, and strives 
with its fore feet to rid itself of the object which inconi- 
modes it i the movetnents of the body are not more af- 
fected than if the cerebellum alone had been removed. 
L These phenomena may be observed to continue for 
l.inore than two hours, when the experiment is performed 
I jfpon an adult hedgehog'^. 

2. It apjtears that each segment of the body of an in- 

[ vertebral animal has a corresponding segment of the 

' nervous system appropriated to it, — a nodule namely, or 

I pair of nodules, with the nerves thence derived. A very 

I wmilar disposition of parts may be observed in the human 

[nervous system j and serves to elucidate the following 

I incidents noticed in experiments upon vertebral animals. 

If in a rabbit the spinal chord be divided both at the 

foramen magnum and in the middle of the back, on 

touching the surface' of Uje eye the eyeliils are instantly 
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closed; upon pinchiiig the fore foot, the fore leg is drawn 
up; u)Kiii pincliing tbe hind foot, the hind leg shrinks 
from the injury. If the head of a pigeon be cut off, and 
the upper part of the cranium be instantly removed with 
a sharp instrument, and the cerebrum be removed by a 
horizontal section at the level of the tubercles, and the 
cerebellum and medulla oblongata, by a vertical section 
at the posterior margin of the tubercles, and the second 
ani fourth nerves be divided, — leaving a segment of tha^ 
brain connected with the eyeball by the third nerve onlyy. 1 
— on pinching the end of the optic nerve attached to tl 
s^jment of the brain, the pupil is suddenly contracte 
From these instances we may infer that each segment tf 
the spinal chord and medulla oblongata, with the n 
derived from it, contains the physical organization i 
(|uisite for sensation and instinctive action. We observ 
that an impression being made upon an organ of sense) 
a change is produced in an isolated portion of die cen- 
tral organ of the nervous system, which is followed by 
the transmission of an irritation to voluntary muscles. ■ 
3. The chords wluch unite the nodules in the nervoHB 1 
systems of invertebral animals we may presume mk in- 
tended to transmit reciprocally the influence of the dif- 
ferent segments of the nervous system from one to an- 
other. The while fibrous strings, which form the outade 
of tlie spinal chord in man and vertebral animals, hav« 
probably the same office. In the experiment npon a 
rabbit above described, the division of the spinal chord 
in two places produced three independent centres in the 
nervous system. If in a snake the head alone be removed, 
upon wounding the middle of the body die neck is raised 
and benl towards Ihc point at which the injury is inflicted. 
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4. In sonieof iheinvertebral animals either extremity 
f the central organ of the nervous system seems to have 
n equal and independent influence : \f a millepe<le be 
divided, either half re-produces what is wanting, and 
1 becomes a sentient being. But in the scale ol improve- 
I ment in proportion as the nodules on the nervous system 
■ IKxumuIate towards tlie head, this part assumes a pre- 
r dominating influence over the resL It appears, however, 
by what has been already mentioned, that warm-blooded 
animals survive for a period the removal of llie cerelirum 
and cerebellum, if that part of the medulla oblongata be 
leA entire, to which the fillh and seventh and eighth 
nei-ves are attached. In reptiles life endures much 
longer under these circumstances : a frog preserves its 
vitality for a considerable time after a similar injury: 
its muscles act in concert, and the animal wlieu left at 
rest may be observed to draw up its legs, and to sit in 
its common attitnde. But if the medulla oblongata be 
tlieii removed, tiie spinal chord and the nerves of the body 
' and e^itremities being left uninjured, the animal instantly 
lies relaxed and nerveless. Its foot indeed will still for a 
short time continue to be retracted when pinched, but the 
coK>peration of all itd |)3rts in a sustained eilbrt is lost, 
and the animal dies. The same happens if the brain be 
previously eulire; and occurs equally or in a more 
striking manner in warm-blooded animals. A slighter 
injury of the medulla oblongata produces a correspond- 
ing result; pressure upon it causes stupor; and half the 
dose of alcohol otherwise necessary produces a like ef- 
fect, which is removed by the exhibition of prussic acid. 
In human beings we have every reason to attach an 
equal degree of importance to the medulla oblongata. 
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nnii we may suppose its mccliantciil continuity wiUi 
parts ndjoining necessary lo their function. 

.'>. But the medulla oblongata lias another importail! 
objtct, that of reciprocaliy transmitting the influence of 
Ihe brain and spinal chord from the one to the otlier; 
and the most satisfactory observations respecting the 
dependence of the functions of the latter upon its conti- 
nuity with the medulla oblongata are deducible tVoin 
instances in which the brain has been left entire. Oi 
of these I have just mentioned. 

M. Magendie ascertained that on the division of ihi 
posterior or nppcr half of the spinal chord, the sen< 
sation of the parts supplied with nerves from the caudal 
extremity of the spinal marrow is lost, while, voluntai 
motion remains : and on the other hand, that the 
vision of the anterior or under portion intei-feres wil 
voluntary motion, but leaves sensation unaffected. It i$\ 
remarkable that the posterior portion of the spinal cboi 
which appears the medium through which sensatit 
travels, is itself highly sensible, while the anterior 
tion has scarcely any sensibility. Upon minutely 
nmining this point, T observed that tlie portion of 
spinal chord contained between the posterior h 
furrow and the |x»hterior median furrow is alone acul 
sensible. M. Magendie found that upon destroying wi) 
a wire the central part of the spinal chortl, sensation 
voluntary motion are not interrupted. 

When the spinal chord is divided in experiments upoti 
warm-blooded animals, or by accidentid injury in human 
beings, or is compressed or lacerated, tlie lower part of 
the body is totally paralysed. This result is so uniform, 
that we are hound to suppose an error in the narrstiva 
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(if two well uttesUid cases on record uf sensation ami 
votunlary motion continuing after the division of ibu 
tipina) marrow. Some violence is scarcely avoidable In 
opening llie vertebral canul; and if the spinal chord be 
already partially divided) the operation of exposing it 
may easily complete the rupture. How slight a. conti- 
nuity of nervous fibre is sufiicitsut to susUiin the commu- 
uicution between part.s of the medulla spinalis, must be 
known to those who have attempted to destroy aoiniolH 
by pithing; a very slender layer of nervous substance 
will enable the animal to continue breathing, which, 
however, ceases instantly on its division. The following 
case is to the same purpose, 

A person died at the age of forty-four, seven years 
nfler having lo>it the use of his arms, which liad btK:ome 
painfully contracted although preserving their sensibility. 
The lower part of his body had in no degree partici- 
pated in tile same aflection: he had been to the last 
violently addicted to sexual indulgence. Upon dissec- 
tion the spitial chord at the lower part of the neck, and 
upper part of tlie buck, was found converted into a co- 
lourless diffluent substance containing Hakes of nervous 
matter, all but two narrow bands, one in the line of each 
anterior lateral furrow, which appeared of their natural 

(texture, and joined llie sound inferior portion of Uie 
||iinal chord to the upper parf*. 
6. As it appears that dlfTerent parts of the spinal 
chord are connected witti sensation and volition, we are 
naturally led to inquire, whether a similar distinction 
holds between the different nerves which rise from it 
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and from llie medulla oblongata. We may presui 
that this is the case from various instances in whicli pai 
that botli enjoy a special sense and are endowed 
muscular action, are supplied with several nerves from 
ditlcrent sources. Thus three nerves are distributed to 
the tongue, and five in the orbit. My own experiments 
again upon the functions of the 5th and 7th nerves, and 
those of M. Magendie upon the roots of the spinal nerves, 
have proved that in almost every case sensation and vo- 
lition are connected with different nervous fibrils. 

Tlie muscles and integuments of the face are supplied 
Willi branches from the portion of the fifth nerve wliich 
traverses the ganglion of Meckel, and with branches of 
the portio dura of tlie seventh. Upon dividing 
branches of tlie fiilh upon the face of an ass, sensatit 
was observetl to be lost: but although it seemed at 
that the muscles of the face were besides partially para- 
lysed, yet upon a moi'e attentive examination it became 
evident that the power of voluntary motion remained 
perfect; the nostrils were dilated at each inspiration, the 
lips continued to be held in some degree oi apposilJtHi 
and with something of their natural expression, and were 
more than once retracted so as to uncase the teeth in ef- 
forts which the animal made to bile. The lips were i»- 
deed no longer used in the prehension of food; — a cu- 
rious phenomenon, but suEficiently explained by the loss 
of sensation in these parts. The ass habitually is guided 
in the prehension of food by the sensation with wliich it 
aHects the lips : the hps are so placed that the eye cannot 
be directed to the objects which they touch : the animal 
was observed in the experiment described to strain 
vision towards the object to which its lips were a| 
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proacheti ; but when they came in contact with the prot- 
fered food, theie was no sense to direct their further ac- 
tion. The immediate dependence of voiiuitarjr action 
upon sensation is remarkahly illustrated in An^sthesin. 
This aflection consists of the loss ofsensibihty in a part, 
uscular power remaining : it is commonly met with 

tlie hands and fore-arms, A person afflicted with it 
can employ the hands to support a weight as long as the 
eye is directed towards the object; but if the attention 
be for an instant diverted and the eye turned elsewhere, 
the weight escapes his grasp ". 

Upon dividing the trunk of the portio dura on each 
side of the face of an ass, the sensibility of tlie face re- 
mained unimpaired, but the muscles of the face were 
entirely paralysed, the eyehds remained open, the nos- 
trils motionless, the lips relaxed, falling away by their 
own weight from the teeth. 

Upon pinching the branches of the fifth nerve imme- 
diately after deatii, no action follows in the cutaneous 
muscles to which they are distributed ; upon pinching 
the trunk of tlie seventh, a sudden acdon ensues of all 
the muscles of the face, 

Upon subsequently dividing the fifth nerve in the cra- 
nial cavity of a pigeon, 1 found that Uie surface of the 
eye lost its sensibility by this experiment, while the 
motion of the iris remained unaffected ; and I aderwnrds 
established that the muscles of the lower jaw, which 
receive branches from the fifth exclusively, derive tlieir 
supply from two sources, the portion of the filUi, namely, 
.which traverses the ganglion of Meckel, and the smaller 
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portion whicb passes below it, niul is consiiineii upon 
this object; aiid as the formt^r arc upon analogy proved 
to be nerves of sensation, it follows that the latter are 
nerves oF voluntary motion. Thus is explained tlic 
seeming intricacy wliicli exists in tlie distribution of tlie 
facial nerves, and the position greatly confirmed that 
scnsaticn and volition are connected with diiTert^t ner- 
vous fibrils. 

Tile remarkable analogy, which exists between 1 
filth nerve and die spinal nerves, led me to sujipose thai 
the two roots of the spinal nerves had the same discre 
pancy of function with the two roots of the fiHh ; 
that the ganglionic portion might belong to sen^acioiij 
the smaller anterior portion to volition. 

The well-devised experiments of M. Magendie in tl 
mean lime determined this opinion to be correct : 
dividing Uie posterior roots of the spinal nerves, sen- 
sation was found to be lost: on dividing the anterior 
roots, voluntary motion ceased in tlie parts supplied by 
the mutilated nerves. J 

But when thus sharing the claim to these discoveriesH 
between M, Magendie and myself, I should in justice ' 
state that the experiments in each case were but im- 
provements upon those which Mr. Bell had previously 
performed. Mr. Bell's ingenious Essays upon the nerves 
are well known to everj' one; and besides the valuable 
facts which they contain, they have the merit which bo- 
longs to originality, even when only partially BUCCeasfi 
in eliciting truth. 

7. It remains to inquire, whether tlie nerves in ( 
tributing to sensation and volition serve merely as <: 
ductors to transmit inipi'essitMis, or in part originate tli^ 
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es which they convey. The first supposition, 
though &r from proved, appears the most plausible. 
The length of a nerve does not seem to affect its fuiic- 
|<tion. When a uerve is divided, whether near its origin or 
lits termination, its function beyond the point of division 
ipears equalJy and entirely lost, as far as regards con- 
liousness. After the amputation of a limb, it not un- 
^fi^quently happens tiiat sensations are experienced as if 
the limb were perfect, and that pain is distinctly referred 
to the point of space, which In the shifUng position of 
the body the limb if not removed would occupy. M. 
Fodera found that on exposing the spinal mai-row in an 
animal, to which strychnine had been given, he could 
arrest the convulsions of any part by making pressure 
upon the segment of tlie spinal chord, which gave origin 
to the nerves that supplied it. 



Section 4. 
Of the Functiotis of the Brain. 

The human mind, wakened into active existence by 
sensation, exhibits tlie instant afler birth simultaneous 
evidence uf instinct and volition, and upon the gradual 
excitement of its dormant faculties may figuratively be 
said to grow by the addition of moral elements. The 
mind lias its moral parts, as the body its physical, its 
various active principles and intellectual powers. 

The mind appears to consist of a succession of moral 
changes. Whatever affection has once occurred has a 
spontaneous tendency to recur, though with diminished 
intensity : thus even tlie concepiion of a former object of 
sense may approach in vividness under favourable cir- 
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ciimstances to actual perception. The tendency' of the 
mind to recall past impressions is termed the association 
of ideas. It seems tliat every assignable relation between 
ideas may serve to connect them, so that the one msy 
suggest the other. 

In the train of thought, if one particular image strongly 
excite the mind, it remains for a period without an effort 
the principal object of contemplation: yet the succes- 
sion of ideas is not arrested, but seems to proceed 
in part unheeded, exciting our attention only wben its 
suggestions illustrate or bear upon the leading object 
of our thoughts. In like manner by an effort of at- 
tention we are capable of selecting any idea, whicb 
casually presents itself, and of fixing it steadily before 
the mind, or of continually reverting to it, so as to com- 
pare with it all the elements in the current of thought^ 
that it may combine with those with which it may haye 
an aflSnity. By a ready memory we bring quickly, by a 
retentive memory we are able to bring from a long « 
perience, former impressions that bear upon a point 
consideration. 

The habits of one mind are to collect, to hoard, to ar^ 
range the results of experience ; of another, the habit of 
association is inventive, or delights in viewing under new 
combinations the elements of acquired knowledge. 

A subject that occupies the mind is submitted, as habit 
or inclination may direct, to the agency of distinct and 
simple faculties, which judge whether a proposition or a 
sentiment be true, or ludicrous, or sublime, as the external 
senses decide upon an object of sense, whether it be co- 
loured, or sonorous, be hard, or fragrant. And as the 
eye directed over an extensive prospect sees at the same 
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instant but one point, yet is capable of forming or fur- 
nishing a full and vivid conception of the whole, so the 
mind though immediately conscious at Mie and tlie same 
instant of one nfTection only, yet has a comprehension 
adequate to recei\'e the collective impression of many. As 
the mind at one time is ardent, at anollier desjwnds, its 
judgment is liable to be freqnently clouded or perverted, 
those considerations having disproportionate weight 
which accord with the prevailing tone of feeling. 

All men possess certain common tendencies. All 
men in common derive pleasure from some impressions 
and are painfully affected by others: upon this prin- 
ciple, joined to a calculation of their expediency, dif- 
ferent nations have agreed in condemning certain ac- 
tions and approving others; and the progress of philo- 
sophy and the light of Religion have finally concurred 
in establishing general i ules that are apphcable to every 
question of human conduct. Children act upon first 
impubes; men, after weighing the consequences of their 
actions. What is termed our free will is founded upon 
the power which we possess of representing beforehand 
to the mind the consequences of our actions. The wise 
cultivation of the mind consists in accustoming the un- 
derstanding to discriminate accurately truth from ialse- 
hood, and in training our inclinations to follow habi- 
tually the guidance of reason. 

To trace the assemblage of phenomena which consti- 
tute a mind to their first principles, is the province of 
metaphysics: to show with what material conditions 
their manifestation is connected, is apart of physiology. 
And as on the one hand just views in metaphysics are es- 
sential to perfecting this part of physiology, so on theother 
A 2 
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are requisite, 1. a complete anatomy of the liuman brain 
calculated to show the connexions of its (lifTereDt parts, 
or the material channels by which their influence b re- 
ciprocally propagated : 2. a comparison of the human 
brain with the brains of animals which eKhibit remarkable 
diversities in their moral features ; 3. an account of the 
results of experiments in which parts of the brain have 
been removed in animals : 4. an account of human moOr- 
sters where part of the brain has been originally defeo^, 
tive : and 5. an account of cases where from disease ocj 
injury different parts of the human brain have been de- 
stroyed or their connexion interrupted. Something is 
furtherance of this extensive plan has been done already: 
it may be observed, that the elementary problem to be 
solved is the structure of the human brain, which may 
indeed itself be partially elucidated in the progress of ex- 
perimental iiKjuiry, but which must be carefully unfolded 
by direct anatomical research, before experiments or pa- 
Uiologicat observations can be conducted witli suffi< 
precision to render their results conclusive. 

At the beginning of the seventeenth century Hi 
laid the foundation of modern physiology by hi 
rivalled discovery of the circulation of the blood. AselU 
soon after discovered the existence and the use of the lac- 
teals ; and m the middle and latter part of the eighteenth 
century, the labours of Haller, of the Hunters and of 
their school, contributed mainly to complete our present 
knowledge of the vital ccconomy as far as regards the 
phenomena of nutrition, and showed tliat its springs and 
sources are to be fomid in the observation of the orga- 
nized frame, not deduced from physics pr chemistry. 

But as yet little was known of the intliience of th« 
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brain and nerves: experimental inquiries into the func- 
tions of the nervous system are the distinguishing fea- 
ture of the phj-siology of the nineteenth century. Le 
Gallois, Philip; Home, Brocheand Magendie; Bell, Fleu- 
rens and Rolando, take the first place among those whose 
distinguished researclies have been confined to or have 
included the elucidation of this important subject. In 
determining the influence of the cerebral masses, Ro- 
lando and Fleurens, Magendie and Fodera, have been 
the most successful. The facts they have brought to 
light are in the highest degree curious; and at the same 
time that thev show how remote we are at present from 
a knowledge of the functions of the brain, they yet hold 
out a fair prospect of the ultimate result of uniting ana- 
tomy with experimental physiology and pathological 
dissection upon the present object of inquiry. 

In serjients the cerebellum is wanting : in fish it forms 
a diminutive part of the brain, and its removal produces 
no further effect than that of apparently weakening the 
animal : frogs, from which this organ is removed, show 
an Indisposition to move unless irritated or placed in 
water, when their movements, though less lively ihan 
before, are not observed to be otherwise affected. 

In birds and mammalia more important results ensue 
upon the injury or removal of the cerebellum, which it 
may be remarked appears not to be sensible to pain 
from mechanical lesion. 

If the cerebellum be wounded upon one side, the 
animal appears to be generally weakened upon the same 
side: if the wound be deep, the body upon the injured 
side is rendered paralytic. If in a rabbit the upper and 
middle portion of the cerebellum be removed, the hind 
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legs are observed lo be spread, ihe fore legs are extended 
forwanl in a state of rigidity : the whole attitude is that 
of preparation for moving backwards or throwing itself 
over. After a short time the animal beats the ground 
with ita fore paws, the hind legs not nioTtng, and urges 
itself backwards. If the tail be pinched, the animal thus 
excited still moves its fore legs only, and condnoes 
moving backwards. A deeper incision causes the animal 
to fall upon its side, the head is drawn backwards in a 
state of tension, the feet, and especially the fore feet^ 
which preserve their rigid extension, are moved with 
violence. 

The flight and the walk of pigeons are not aSected by 
the removal of the upper part of tlie cerebellum. After 
a deeper section has been made, the bird totters, falls on 
its breast, rises again, and is in continual agitation, 
deeper section still causes it to walk and to fly bi 
wards. After the entire removal of the cerebellum 
hird when irritated walks almost as usual ; when thro' 
into the air, it moves its wings regularly, and alights upon 
its feet, A few minutes afterwards the legs become 
ligid, but the wings still move regularly if the bird be 
again thrown into the air : the legs remain in a state of 
tension, and the bead continues drawn backwards tfll 
death. M. Fodera saw all these phenomena succeM 
each other in the same bird, but each may be 
diately produced by the fit incision. M. Magendie 
tions die case of a young woman, who is affected with a 
nervous malady that forces her to run rapidly backwards, 
disregarding every peril. 

The simplest explanation of the phenomena above de- 
scribed, is tu suppose that an injury of the cerebellum 
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to a certain depth produces a sensation analogous to 
vertigo; that the animal conceives itself either to be 
blirried forward, and makes a more or less perfect ex- 
[ ertion to repel the imaginary force, or to be moving 
I backward, and moves its hnibs to a certain degree in 
I ^(^r respond ence. Either of these suppositions, which 
Crest upon analogy, appear more likely to be just than 
die hypothesis that an animal exists under the influence 
of two impulses, one urging it forward, the other back- 
ward, and that the organ of one impulse is removed on 
the partial destruction of the cerebellum. 

M. Fodera found similar phenomena to be produced 
upon the injection of a solution of camphor in oil uito 
the abdomen in animals, either before or after the re- 
moval of the cerebrum, and remarked that they became 
more intense on removing a part of the cerebellum. 

(Lateral pressure of the cerebelliftn produces no effect 
diat has been observed. 
M. Magendic found results not less unexpected ensue 
upon a vertical division of the cerebellum, the crura ce- 
r«belli, and the pons Varolii, 
If in a rabbit a section of the middle portion of the 
cerebellum be nmde in the median plane, the eyes of the 
animal are observed to be in extraordinary agitation, 
and as if starting lirom their sockets : the animal inclines 
towards one side, then is suddenly dirown towards the 
- opposite, as if unable to balance itself with precision : 
s fore legs are rigidly extended forwards, as if it were 
1 the act of receding. 

If a vertical secdon of the cerebellum be made, leaving 
\ of the whole adhering to the cms of the right side, 
ind I to the left, the animal rolls over and over inces- 
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santly, turning itself towards the injured side. The right 
eye is directed downward and forward, tlic left eye up- 
ward and backward. On making a Mimilar section upon 
the left side the animal stops, and the eyes resume their 
natural direction. 

M. Magendie was led to this discovery by accidenljilly 
dividing the crus cerebelli in a rabbit, upuH which the 
same phenomenon occurs as upon diriding the cerebel- 
lum unequally. For eight days that this animal survived 
the injury, it continued to revolve upon its long axis 
unless stopped by coming in contact with an obstacle: 
when stopped, it ate upon its back with its mouth upwards. 
If the opposite crus be subsequently divided, the move- 
ment produced by the first experiment is stopped. 

If the cerebellum be divided unequally, so as to pi 
dnce a constant revolution towards llie routitutedside, 
tlie opposite cms cerebelli be subsequently cut through, 
an equilibrium is not produced, but the animal begins to 
revolve towards the side on which the crus is divided. 

The whole of tliese phenoniena are probably attribu- 
table ton sensation analogous to vertigo: this conjecture 
at least appears strongly confirmed by the following case 
described by M. Serres. 

A shoemaker sixty-eight years of age, of intemperate 
habits, after a debauch exhibited a kind of drunkenness, 
which surprised his friends : instead of seeing objects 
turn around him, he seemed to himself to be turning, 
and in "a few moments commenced revolving; placed in 
bed he continued to manifest this tendrairy till he died. 
UiMn examining the head an extensive lesion was found 
of one of the peduncles of the cerebellum. 

The tubercles placed between the cerebellum and tlie 
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cerebrum, in part give origin to the optic nerves, in part 
send fibrils to the cerebrum. 

On injuring the optic tubercle of one side in pigeons, 
hblindness ensues of the opposite eye ; and reciprocally 
I on dividing one optic nerve, the under surface of the 
■ i^posite tubercle to which the nerve adheres is found to 

Ecome wasted in a few weeks. 
\\ On injuring deeply the optic tubercle in birds &ud 
mammalia, when the greater part of the brain especially 
its base lias been lefi: entire, ttie animal in flight or in its 
walk moves continually round towards the same side. 
In serpents and frogs the movement thus produced is 
towards the opposite side. 
^H I'ain and convulsive movements are produced by 
^^BtRTOunding this part of the brain. 

^^n. If the cerebrum be removed in frogs and fish, their 
^^■taovements are seemingly as spontaneous as before. 
^^K If the upper (lart of the cerebrum be removed in birds 
^H^ and mammalia, the animal becomes blind and appears 
Stupefied; but when excited, locomotion is performed 
with steadiness and precision, the animal walks when 

I pushed, or if a bird, flieswhen thrown into the air. No 
J&rther result is prwiuced by the additional removal of 
Kbe grey matter of the corpus striatum : but if a section 
Ibe carried through the striated part, the animal springs 
mrward, and continues to advance in a straight line till 
uit meets an obstacle, when it still luoserves the attitude 
of one advancing. This result ensues when the experi- 
ment is performed upon dogs, cats, rabbits, Guinea pigs, 
hedgehogs, and squirrels : the latter only in advancing 

Eoss their fore legs as in the action of climbing a branch, 
id if a stick be placed in their embrace, they as- 
iiid it. 
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Upon making lateral pressure on the hemispheres of 
the brain, no effect has beeu observed to ensue. Upon 
inaking vertical pressure upon the brain stupor takes 
place, which is attributable to the compression of the 
medulla oblongata. It deserves remark that nhen vo< 
miting has been excited by an emetic substance, it is ar- 
rested by pressure made upon the medulla oblongata. 

The water contained between the tunica arachnoides 
and pia mater appears intended to produce an equable 
pressure upon the entire surlace of the brain and spinal 
chord. M. Magendie discovered that when this equable 
pressure is suddenly taken off by letting out the water, 
the functions of the organ are commonly but not invaria- 
bly suspended; its gradual diminution produces no eitect. 

Reil describes his having examined the head of an 
idiot thirty years of age, who had been employed in the 
little traffic of neighbouring villages, iu whom the middle 
part of the corpus callosum was entirely wanting irom an 
original malformation, as it seemed ; fur the convolutions 
were complete where a corpus callosum ought to have 
joined the inner surface of the hemispheitis. 

Finally it may be observed, that in human beings ai 
injury upon one side of the bruin almost constantly pro* I 
duces patsy of the opposite side of the body, which ii 
frequently attended with a paralytic affection of the face 
upon the injured side. It is impossible not to suppose 
this phenomenon connected with the decussation of the 
anterior pyramids, by means of which each lobe of each 
hemisphere of tlie brain is rendered continuous with the 
axis of the opposite half of the spinal chord. Yet in the 
experiments of M. Magendie it was found that division of 
the anterior pyramids, one or both, in animals produced 
no further effect than a slight impediment in their move- 
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ments forward ; and that division of the entire half of 
tile medulla obJongata produced palsy of the sante side 
of the body. 

The experiments which have been described, curious 
und interesting as they are, throw indeed little light upon 
tbc connexion of the brain with the higher qualities of 
tiie mind ; and our vague and imperfect conclusions 
upon tills question rest at present upon odier groimds. 

Of all the parts of the nervous system, lesion of the 
brain alone has been observed to affect directly the fa- 
culties of the mind ; and in man the cerebrum and ce- 
rebellum have an amplitude and complexity of structure, 
which conjointly much exceed the same qualities in the 
brains of animals. It seems not Indeed that the brute 
volume of the whole or of any portion of the brain has 
reference to the vigour or energy of the faculties of the 
mind. A mask of Newton is in existence, anditshowsno 
unusual breadth or height, or remarkable partial de- 
velopmeut of the forehead : the masks of Chatham and of 
Pitt have the same feature low and narrow; and it must 
consist with the observation of every one that the broadest 
and most ample fronts among his acquaintance far 
from commonly belong to men of the most acute or 
powerful minds. Yet it seems lliat there is some phy- 
sical relation between the composition of equal masses 
of the brain and tlie quality of the mind, that has ener- 
gized by their intervention. M. Magendie ascertained 
that in persons above the age of seventy, the specific 
gravity of the brain is less on an average by a fifteenth, 
than in adults ; and further remarks, that a general pro- 
portion exists between the number and depth of the coit- 
Tolutions and laniinie upon the br^ns in animals, and the 
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development of their moral endowments. In birds in 
which vision is extremely acute, the grey matter of the 
retina lies in numerous folds: the grey matter of the 
brain we have already seen reason to believe the part in 
which its functions originate ; and no difference -is inore 
striking in the examination of human brains, than the 
varying number and depth of the convolutions upon the 
same extent of surface. Thus analogy finds in % comm<Hi 
difference among brains a physical cause, that may es- 
sentially modify the phenomena of consciousness. It 
iBmains to accumulate histories of remarkable diversities 
<^ character in connexion with the appearances observed 
cm. a careful examination of the form and structure 
of the brain : and it is &r from improbable that each ^"^^ 
class of moral phenomena will be found to be separately 
associated with a distinct part of the brain, according 
to the theory of Crall, whose inquiries have hitherto 
proved as unsuccessful, as in their conception they were 
philosophical. 

/ 

SjRfJTION 5. ' ^ 

Of Sleep, Dreaming, and Sensorial Illusions. 

The period of a diurnal revolution is shared between 
sleeping and waking : during six or eight hours of the 
twenty-four, consciousness appears suispended. After a 
day spent in active exercise, the limbs feel fatigued, the 
mind is less lively and less capable of continued atten- 
tion, the senses become duller, we seek to dispose the 
body in a posture requiring the least muscular effort to 
sustain it, we withdraw the mind from reflections calcu^ 
lated tp excite its powers, we seek to close the avenues 
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of sensation, the images before the mind become more 
and more faint, and by insensible gradations we become 
unconscious. 

During sleep the circulation is more gentle, the respi- 
rations are less frequent and are deeper, the temperature 
is lowered, the cutaneous transpiration is increased. 
The sleeper perhaps remains for many hours without 
motion, uiidisturbedbytheloudest sounds or the brightest 
light. 

If a sleeping person be awakened by opening the ey&- 
lids under a strong light, the pupil for the first second 
or two is seen tu be extraordinarily contracted, which 
we may presume to be its usual state during sleep : the 
pupil then becomes widely dilated, but again contracts 
and dilates before it becomes steady : at the same time 
ihe person moves himself, articulates unconnected ly, and 
seems endeavouring to collect his scattered thoughts. 
The mind quickly recovers its wontetl character, the 
memory of the events of the preceding day returns, but 
with It in most cases no recollection presents itself ol' n 
state of consciousness between the period of falling asleep 
and that of waking. 

Among the instances in which the memory retains no 
evidence of the existence of consciousness during sleep, 
some are nevertheless attended with phenomena, which 
distinctly show that consciousness lias not been entiiely 
suspended ; for, that I may not mention breathing as an 
evidence of voluntary motion (it beingno doubt disputable 
whether each act of Inspiration be voluntary or proceed 
from an automatic Influence), a person asleep will some- 
times turn his head from the light, or shiH the position 
of a limb or of the body when it is reasonable to suppose 
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that it has become inconvenient: many animals likewise 
sleep in postures in which they cannot l>e sustuiaed with- 
out the measured employment of voluntary muscles. 
Among many other facts of common observation, none 
perhaps is more conclusive than the estimate whicb 
seemtt to be made of the Bight of time during sleep, so 
that a person anxiously bent upon awaking for an im-'' 
portant object at a definite hour, will be sure against his' 
usual habits, and in defiance even of accidental fatij 
to wake before the hour required. 

There are other instances in whicli the memory ref 
tains the clearest tnipressiun of various ait'ections of con- 
sciousness liavingtaken place during sleep. In dreams, 
the images presented to the mind are somedmes ino(» 
herent and disjointed fragments of events: at othec 
times the train of imaginary circumstances is connected) 
^d capable of producing an interest as intense as reality. 
Sometimes the mind is in its finest mood of invention. 
The musician and the ])oet have been known to regret^ 
uponwaking, their imperfectremembrance of what seemed 
the brightest gems of their fancy. Sometimes a dream is 
but the imaginary continuation of trifling or important 
engagements of the preceding dayj at other times it 
shapes itself to the present impressions upon the senses 
and a sound imperfectly heard, a light flashing upon the 
closed eyelids, suggests to the imagination a rapid train 
of correspondent images, of which it forms a parL AA 
the moment of waking, dreams are often freshly remenfe* 
bered, which quickly fade from tlie recolJecdon : at othei' 
times some accidental association brings distinctly before 
us the events of a dream, whicb till that moment had 
never been remembered ; leaving it uncertain how fres. 
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(iiently the mind may thus energize, though its impres- 
noODs asstx:Jated with no ahject of sense may often fail of 
■ jneing brought back to the mind in its wnking state. 

The mind in ordinary dreaming moves in its accus- 
med channels, without an effort being made to interrupt 
r modily the train of its spontaneous associations. The 
laracter might therefore be elucidated by a liistory of 
I tte dreams of an individual ; nor is it more wonderful 
that their suggestions should sometimes be prophetic, 
than that a rational judgment should frequently be able 
to foresee the probable occun'ence of eTents, or that in 
tie varied combinations of hazard a wild suggestion of 
the waking fancy should sometimes be realized. A lady, 
whom I have the pleasure of knowing intimately, was 
requested to purchase a particular ticket in the lottery 
by a friend resident abroad, who found herself so haunted 
by the number 10,000, that when she wrote, her hand 
unintentionally formed these figures. The ticket was 
bought, and was drawn a 20,000^. prize: the same figures 
might have occurred to the mind in a dream shaped in 
ft prophetic character. 

But the phenomena of dreaming are not always con- 
fined to the spontaneous suggestions of the fancy; occa- 
sionally the mind seems to beud itself during sleep to au 
examination of the impressions which occupy it. It has 
happened that a person has doubted daring a dream the 
reality of the circumstances in which he imagined himself 
placed, and atler a process of dehberate reflection has 
become satisfied that he was awake. 

3usifnot a conclusive argument against the 

■!0ieory of materialism may be deduced from the pheno- 

» of dreams. The images in a dream are for the 
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lime believed to be as real, as those preseoted by ti 
senses during waking existence : and we distinguisii t 
one from the other by the consistency of our nakia 
impressions, contrasted with the incolierency of oq| 
dreams. Thus a person who has fallen into a dres 
which continues the adventures of the preceding day, i 
at a loss for a few secondly upon waking, as to where 
reality ends, and where his recollections aie patched 
with what is visionary. On die other hand, a persoa 
suddenly finding himself under circumstances totally 
contrary to probability and expectation, — one for in- 
stance who having sal out his companions at a tavern in 
the midst of a large metropolis, should rise and see instead 
of glimmering lights and dingy buildings a yawning gulf 
spread immeasurably before him ; such a person would 
doubt his being awake, and for some time probably 
would be unable to satisfy himself whether he sawareal 
object, OF slept and dreamed. 

Thus it appears that our convicdon of the existence - 
of surrounding objects, when awake, does not in trutliJ 
result Irom an intuitive belief produced by sensation, but 
is founded upon a theoretical view of the phenomena of"* 
consciousness: in sensation the mind may possiUy not 
be wrought on by physical agents: however unlikely the 
supposition may be, it is yet not impossible that the 
current of, our waking impressions may be analogous 
to those of a dream: that, for instance, the will of the 
Creator may immediately cause those successive affec- 
tions of the mind, which we interpret as evidences of a, 
material world. 

It is not my object in the present argument to sup- 
port the theory of I m materialism, and to attempt to 
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Improve that matter has no existence independently of our 
' sensations : common sense and ilie practical belief of 
every one concur in establishing tlie enormous proba- 
bility that history and science are not a dream. I ani 
desirous only of illustrating the nature of the evidence 
upon which we believe in the existence of matter. Ilie 
best, but not the only mode we possess of e>( plaining the 
impressions which we receive from sensation, is to sup- 
pose the existence of a material world, and of beings like 
ourselves. But the evidence of the existence of mind 
is intuitive ; a sceptic cannot even doubt without admit- 
ting that his doubt constitutes an affection of an Imma- 
terial substance. -Yet will he venture to attribute the pro- 
duction of mind, of the existence of which he has infuititje 
evidence, to the influence of material structure, his belief 
in the existence of which rests biU upon a theoretical eX' 
planalion (^certain phenomena of consciousness. 

An eminent metaphysician has supported the opinion 
that in sleep " the will loses its influence over those fa- 
culties of the mind, and tliose members of the boiiy, 
which during our waking hours are subjected to its au- 
thority^." In the remarks which 1 have made upon the 
phenomena of consciousness, I have employed the term 
■will to signiiy exclusively that affection of the mind, 
which is the immediate cause of muscular action : that 
this influence is not in every case suspended during sleep, 
appears evident upon the fact already adverted to, that 
many animals sleep in postures which require a sustained 
muscular effort. But we seem to exercise a voluntary 
power likewise over the affections of the mind : let us 
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examine, before resuming the preceding inquiry, whetki 
the latter infliipace be suspended during sleep. The 
cutty by which we direct the mind at pleasure to one 
train or mode of thought or to another, is essentially 
unlike that, by which we produce a series of voluntary 
movements. Under ordinary circumstances we are in- 
deed equally led to either, — to analyse for instance an 
aiTection of consciousness, or to strip the shell tirom 
filbert, — by the gratification it promises : but while 
the one case the effect we desire is attained directly 
instantaneously, — we will and the muscles act, — ^in the 
former the effort consists in fixing the attention npon 
a subject of inquiry, and patiently observing the bear- 
ing of every thought, which presents itself, upon fhe 
point before us. In producing a muscular effort, we 
will a physical change, and it instantly ensues ; in an ef- 
fort of thought, we but confine the mind to a definite 
track, expecting that our established habits of association 
will bring us to the conclusion we wish. 

Now it appears fi-om an Instance of dreaming all 
mentioned, that the mind can during sleep set on 
an analytical inquiry, and may compare its different im- 
pressions in order to arrive at a conclusion respecting 
their nature, — an operation as voluntary, if the ex- 
pression be applicable, as any whlcli the mind exhibits 
in its waking state. 

Mr. Stewart supposes that the phenomena of night- 
mare or incubus illustrate the suspension of the influeni* 
of the will during sleep. The patient appears to himself 
to experience uneasy sensations, produced perliaps in 
part by the accidental posture of his body, which he 
finds it impossible to remove by his own efforts, and be 
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F feels distinctly conscious of an incapacity to move : or 

I in & case perfectly analogous he imagines himself pur- 

, sued during a painful dream, and attempts to fly, and 

his legs seem to refuse to perform their office. Bat it 

appears questionable whether in these instances the sup- 

J posed effort of the will really take place. The person 

I'h not conscious of his real position, (if he were he would 

r 1)6 nwake,) and makes no effort to change that. He may 

1 possibly be suffering an uneasy sensation, but it is Hot 

presented in its true form to the mind ; it is wrought up 

in all the horrors of a dream, and the attempts to escape 

from the load are in their nature fictions as well as the 

xafferings which suggest them. A person wide-awake 

I will occasionally give the reins to his fancy, and frame 

I before his mind scenes of the most exciting description, 

J in which he supposes himself to play a busy part, inter- 

I foiug to save by a vast display of strength and activity, 

I ^ indulging perhaps in the happiest flow of eloquence, 

I keen and pointed reply to imaginary invective, the 

r very tone of which is supposed to add to its poignancy ; 

I but not a muscle does he move, although the scene in 

I which he is engaged has an interest almost equal with 

I reality. In a troublesome dream the case is similar ; but 

tient is essentially lost to every thing external, and 

■%aving no means of detecting their unreal nature, Is 

T whoUy absorbed in the creations of his lancy, to which 

[ alone his anxiety and his fears have reference. He wishes 

' not to jump out of bed, but to escape the grinning jaws 

L of the monster that threatens him. He is uneasy and 

I (oppressed, but there is no real load to be thrown off. 

Perhaps it would be more just to say that the influence 

r the will over the voluntary muscles during sleep. 
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instead of being suspended, appears rather not to be ha- 
bitually exerted; unless indeed breathing be voluntary. 
But there are some persons who talk during their sleep, 
as absent persons someiunesinilulge themselves in making 
remarks aloud, or in gestures, which have reference to 
the reverie in which they are engaged. The phenomena 
of somnambulism I'diewise, although very imperfectly 
understood, concur with tlie preceding instance in dis 
tinctly proving tlie exertion and influence of the will' 
during a modification of sleep. In many cases of this 
affection it appears that the main action conducted hi 
reference to adream, while the somnambulist, though little 
conscious of surrounding objects, yet appears in part to 
be guided by sensation in his voluntary eHbrts. 

In perfecthealth theimpressions of adream or reverie 
are instantly dispelled, wben compared with actual sea- 
sation. But when the nervous system is disordered, the 
creations of the fancy sometimes appear mingled among 
real objects, and assume an illusive existence in the ex- 
ternal world of persons thus affected. To illustrate at once 
and to exhaust this subject, I extract from Dr. Hibbert's 
interesting volume upon the philosophy of apparitions tlie 
account given by Nicolal of his own remarkable case. 

" During the ten latter monUis of the year 1790 I had 
experienced several melancholy incidents, whicli deeply 
affected me, particularly in September, from wluch time 
I suffered an almost uninterrupted series of misfortunes, 
that afflicted me with the most poignant grief, 
accustomed to be bled twice a year, and this had bee] 
done once on the 9th of July, but was omitted to be re 
pealed at the end of the year 1790. I had in 1783 been 
suddenly taken with a violent vertigo, which my phy-r 
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sicians imputed to obstructions in tlie fixed vessels of 
the abdomen, brouglit on by a sedentary life, and a con- 
tinual exertion of the nilncl. This indisposition was 
successfully I'emoved by means of a more strict ditt. In 
the beginning I had found the use of leeches applied to 
the arms particularly efficacious, and they were after- 
wards repeated two or three times annually, when 1 felt 
congestions in the head. The last leeches which had 
been put on previous to the appearan.ce of the phantasms 
of which I am about to speak, had been applied on the 
1st of March 1790; less blood had consequently been 
evacuated in 1790 than was usual with tne, and from 
September I was constantly occupied in business that 
required the most unremitted exertions, and which was 
rendered still more perplexing by frequent interruptions. 
" I had in January and February of tlie year 1791 
tile additional misfortune to experience several extremely 
unpleasiint circumstances, which was followed on the 
24th of February by a most violent altercation. My 
wife and another person came into my apartment in the 
morning in order to console me; but I was too much 
agitated by a series of incidents, which had most power- 
fully affected my moral feeling, to be capable of attending 

, to them. On a sudden I perceived, at about the distance 
of ten steps, a form hke that of a deceased person. I 

' pointed at it, asking my wife if she did not see it? It 
I but natural that she should not see any thing ; my 
question therefore alarmed her very much, and she sent 
immediately for a physician. The phantasm continued 
about eight minutes. 1 grew at length more calm, and 
being extremely exhausted, tell into a restless sleep, 
which lasted about hnlf-an-honr. The physician ascril>ed 
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ilic apparition to violent mental eniotioD, and hoped 
there would be no return ; but ttie violent agitatcun of 
my mind had in some way disordered my nerves, &nd 
produced further consequences, which deserve a mora 
mijiute description. 

" At four in the aAernoon the form which I had seeo 
in the morning re-appeared. 1 was by myself when thb 
happened, and being rather uneasy at the incideait went 
to my wife's apartment, but there likewise I was pre- 
vented by the apparition, which, however, at intervals 
disappeared, and always presented itself in a standing 
posture. About six o'clock there appeared also several 
walking figures, which had no coimexion with the 
first." 

*' After the first day the form of the deceased person 
no more appeared, but its place was supplied with many 
other phantasms, sometimes representing acquaintances, 
but mostly strangers : those whom I knew were com- 
posed of living and deceased jiersons, but the number of 
the latter was comparatively small. I observed the pep-,i 
sons with wliom I daily conversed did not appear 
phantasms, these representing chiefly persons who livi 
at some distance from me. 

*' These phantasms seemed equally dear and 
at all times, and under all circumstances, bodi when I 
was by myself and when I was in company, and as well 
in the day as at night, and in my own Iiouse as well as 
abroad; they were however less frequent when I was in 
the house of a friend, and rarely appeared to me in tfae 
street. When I shut my eyes those phantasms would 
sometimes vanish 
when 1 beheld tlif 
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I disappeared on such occasions, they gefli^raily returned 
leii I opened my eyes. I conversed sometimes with 
/ physician and my wife of the phantasms which at the 
moment surrounded me ; they appeared more frequently 
walking than at rest, nor were they constantly present. 
They frequently did not come for some time, but always 
re-opijenred for a longer or shorter period, either singly 
or in company, the latter, however, being most frequently 
the case. I generally saw human forms of both sexes, 
but they usually seemed not to take the smallest notice 
of each other, moving ns in a market-place, where all 
are eager to pass through the crowd ; at times, however, 
they seemed to be transacting business with each other. 
I saw also several limes people on hor&eback, dogs, and 
birds. All these phantasms appeared to me in their na- 
tural size, and as distinct a» if alive, exhibiting different 
shades of carnation in the uncovered parts, as well as 
different colours and fashions in their dresses, though 
the colours seemed somewhat paler than in real nature ; 
none of the figures appeared particularly terrible, co- 
mical or disgusting, most of them being of an indifferent 
shape, and some presenting a pleasing aspect. The 
longer these phantoms continued to visit me, the more 
frequently did they return, while at the same time they 
increased in number about four weeks after they had 
first appeared. I also began to hear them talk; the 
phantoms sometimes conversed among themselves, but 
more frequently addressee! their discourse tome; their 
speeches were commonly short, and never of an un- 
pleasant turn. At ilifTerent times there appeared to me 
both dear and sensible friends of both sexes, whose ad- 
drest>es tended to appease my grief, which had not yet 
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wholly subsided : ibeir consolatory speeches were in ge- 
nera! addressed to nie when I was alone. Sometimes, 
however, I was accosted by these consohng triends while 
1 was engaged in company, and not utilrequently while 
real persons were speakuig to me. These consolatory 
addresses consisted sometimes of abnipt phrases, and at 
other times they were regularly executed. 

" Though my miud and body were in a tolerable state 
of sanity all this time, and these phantasms became so 
familiar to me that they did not cause me the slightest 
uneasiness, and though 1 even sometimes amused mysetf 
with' surveying them, and spoke jocularly of them to rajrj 
physician and my wife, I yet did not neglect to am' 
proper medicines, especially when they began to haunt 
me the whole day, and even at night as soon as 1 waked. 
" At last it was agreed that leeches should be again 
applied to me as formerly, which was actually done 
April 20th, 1791, at eleven o'clock in the morning, 
person was with me besiiles the surgeon ; but during the 
operation my chamber was crowded with human 
tasms of all descriptions. This continued uninterrupl 
till about half-au-hour al^er four o'clock, just when 
digestion commenced. I then perceived that they hegt 
to move more slowly. Soon after their colour began to 
fade, and at seven o'clock they were entirely white. Bat 
they moved very little, though the forms were as distinct 
as before; growing, however, by degrees more obscure, 
yet not fewer in number, as had generally been the cafe. 
The phantoms did not withdraw, nor did they vanish, a 
circumstance which previous .to that time had frequently, 
happened. They now seemed to dissolve in the 
while fragments of some of them continued visible fot; 



ogtbe^l 
phso^H 
ptedl^H 




DUtinction ficiwi 



■I Deihii 



I and Madness. 265 



i 
t 



considerable time. About eight o'clock the room was 
entirely cleared of my fantastic visitors, 

" Since that time I have felt twice or three times a 
sensation as if these phantasms were going to re-ajipear, 
without, however, actually seeing any thing. The same 
GensaCion surprised me just before 1 drew up this ac- 
count, while I was examining some papers relative to 
these apparitions, which 1 had drawn up in theyear 179 1." 
1 As during disease creations of the fancy may thus 
.emulate perception, in like manner may any fiction of 
opinion or feeling when the brain is disturbed appear 
reasonable, and mix. among the sound conclusion-; and 
principles of the mlnil, and produce inconsistency of 
conduct and insanity. 

Pure delirium, which results either from concussion 
ur from ioilammalory excitement uf the brain, is re- 
markably contrasted in its moral features with insanity : 
in both the mind attaches reality to fictions; but in 
delh'ium the mind is either wholly absorbed as in a 
dreaiu with its own creations, and preserves the ))0wer 
when strongly roused to m.omentary recollection, of 
directing itself justly to its situation ; while in insanity 
truth and error are blended togetlier, and when seen 
side by side are not distuiguishable by the patient. 
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CHAPTER XII. 

OF fHE ORGANS OF THE SENSES. 

Eyery part of the body appears to have the kind of sen- 
sibility calcalated for its protection or the relief of its 
wants. Every part aches when fatigued by protracted 
exercise. A ligament, which is impassive to the knife^ 
is the seat of severe and sickening pain, when forcibly 
stretched. The integuments which are not hurt by dis- 
tension, feel acute pain upon division. An acid that 
acts upon the teeth produces a peculiar and unpleasant 
sensation in their nerves. Hunger is the sensation caused 
by the state of the nerves of the stomach when it craved 
a supply of jbod, and a sensation is referred to the blad- 
der when it becomes distended, to lead to the expulisiori 
of the urine. 

But the term organ of sense is restricted to Uiose 
parts which possess in addition a mode of sensibility, that 
^ves us definite information of the qualities of external 
bodies. 

Ah organ of sense is connected to the brain by one 
or more nerves, and consists of an expansion of nervous 
matter upon which material impressions are received, 
disposed in such a form and situation, and behind such 
media, as are calculated to concentrate upon it the im- 
pressions it is fitted to appreciate. 



Of the Organ of Vision. 

The optic nerve upon entering ihe ejebiill expands 
[ to form a deep cup of soft grey nervous matter, termed 
I the retina, which is dbtended by liquid or gelatinous 
substances. 

If the eyehd be closed, and the eyes be voluntarily 
directed towards the left side, and pressure be made with 
the finger upon the outside of the right eye, the retina 
is squeezed between the coats and the humours of the eye, 
and concentric luminous circles are seen in the direction 
of the nose. 

Ifthis pressure becontiuuedfor twenty or thirty seconds, 
a broad undefined hght increasing every moment in in- 
tensity rises itnmediately before the eye. It is remark- 
able that if the eyelids be open and tliere is light present, 
on a repetition of the last experiment, a dense cloud rises 
instead of the undefined light, and the eye becomes in a 
few seconds perfectly blind : when the finger is removed, 
in the coui'se of three or four seconds the cloud seems 
to roll away from before the eye. 

Thus it appears that sensations of light may be pro- 

Iduced by mechanical pressure made upon the retina: 
and it is probable that the same result would ensue upon 
irritating the optic nerve. If the optic nerve be pricked 
in a pigeon, the pupil suddenly contracts, as when a 
bright light flashes upon the eye. 
But the retina is organized to receive impressions of 
a different nature, and that so subtile as to excite no kind 
of sensation in any other organ. The received theory 
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of the nature uf these inipressiun.s U, that they consist 11 
the impingement of Inconceivftbly fine pRrticles or rajf 
of a pecuhar and imponderable substance, termed 
upon the retina. 

Luminous bodies are such as continually throw on' 
rays of light. Rays of light move only in straight lines; 
and such is their velocity, that they travel from the sun 
to the earth, a distance of 95,000,000 miles, in 8j mi- 
nutes. 

Those media are termed transparent which permil: 
the passage of light ; opake bodies are such as obstru^ 
11 No material substances appear absolutely transparent 
or opake. Leaf gold transmits a greenish light, 
ou die other hand a depth of seven feet of water inte^-| 
cepta one half of the light which enters it. 

A ray ol' light upon passing from oue transparent 
medium into another of a different density, as froi 
into water, in n direction vertical to its surface, does not 
deviate from the straight line: but if it reach the second 
medium obliquely, it aflerwords pursues a new course: 
it is bent or refracted towards die j)erpendicular, if this" 
second medium be of greater density than the first: it is 
refracted ,/)ofli the perpendicular in the opposite case. 
Transparent substances are refractive in the ratio of 
their density and their combustibility. The degree of 
refraction again has reference to tlie angle at which a 
ray enters a transparent medium. All rays of the same 
kind transmitted by the same surface form with the per- 
pendicular an angle of refraction, which is ultimately in 
a certain constant proportion to the angle of incidence 
that is, for instance, oue half, three-fourths, or two-tbird%, 
according to the nature of the surface. Thus if the ri 
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Traclive properties of the substance were such, tlmt an 
incident ray making an angle ol' one degree witii tlie 
perpendicular would be so refracted as to mnke an angle 
of only half a degree with the same line, another ray in- 
cident at an angle of two degrees would be refracted, 
without sensible error, into an angle of one degree. But 
when the angles are larger, they vary from this ratio, 
their sines only preserving the proportion with accuracy; 
for example, if the angle of incidence at the supposed 
surface were increased to 90°, the angle of refraction 
would be 30° instead of 45°'. 

It follows from these premises : 1 ■ that if the opposite 
surfaces of a transparent medium be plane and perfectly 
parallel, rays that are parallel when they enter it are 
parallel on leaving it: 2. that if one or both surfaces be 
exceedingly waved and irregular, rays that are parallel 
when they reach the uneven surface cease to be so on 
traversing it : and 3. that if the opposite surfaces be not 
parallel, and one be uniformly curved so as either to be 
hollowed or convex, the other uniforniij' curved or plane, 
parallel rays of light entering such a medium will either 
become uniformly divergent or convergent towards a 
point or focus : the former happens if the centra! part of 
the transparent medium be thinner than the edges, the 
latter if the central part be the thickest. Lenses are 
detached portions of transparent substances, which have 
one or otiier of the six forms included under the third 
supposition. Lenses are therefore either double-convex, 
or plano-convex, double- con cave, or plano-concave, or 
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fonvex on one side and concave on the other; 
the last description is termed a meniscus. 

When a colourless solar ray is made to pass through 
H triangular prism of glass, it forms upon an opposite 
surface a coloured spectrum consisting of tints of red, 
orange, yellow, green, blue, indigo and violet. Newton 
thus discovered that the white solar light is composed of 
coloured rays, which are separable owing to their dif- 
ferent degrees of refrangibility. When the coloured 
rays of the prismatic spectrum are reconibined, they 
again form white light. According to Dr. Wollastcm, 
four colours, red, green, blue and violet, in the propor- 
tions of 16, 23, 36, 25, constitute white light, and are ca- 
pable in vnrious combinations of producing sonsatioi 
of every other colour. According to Dr. Yomig, 
green and violet, in the proportions of 2, 4, 1, are 
elementary colours of the solar ray. 

The path of a ray of light is again liable to be altered 
by reflection. All visible bodies thai are not luminom 
are seen by means of rays thrown back from their sur- 
face. If a ray of light fall upon a surface perpendicularly, 
it is reflected perpendicularly. If a ray of light fall upon 
a surface obliquely and is reflected, the angles which it 
forms with a line vertical to that surface are called the 
angles of incidence and reflection. The law of reflection 
requires that the angles of incidence and reflection be 
equal, and that the incident and reflected ray be in 
same plane with the imaginary vertical line. 

Hence it follows, that rays which are parallel, whi 
they reach a plane reflecting surface, are parallel wl 
they leave it : that rays before parallel, which are 
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fleeted by an uniformly convex suriace, diverge as from 
a focus situated behind it; that rajs before i>araHel, which 
are reflected from a surface uniformly concave, converge 
towards a focal point. 

The colour of luminous bodies depends upon the 
quality of the light they emit : the colour of bodies that 
are not luminous, when seen by white light, results from 
their absorbing sume, and reflecting others of the ele- 
mentary rays. 

The term reflection is usually confined to tliose ca^es 
in which the rays are thrown back in a deflnite order, 
either in lines parallel to each other, or uuifurmly di- 
vergent or convergent. To produce t]iis species of re- 
flection a surface must be highly polished, in order tliat 
there may be an uniformity in the angles at which the 
greater part of the rays are returned. 

If vision were as limited in its objects as the senses of 
taste or smell, — if sight were only to be gratified by the 
perception of pleasant colours, or we were intended only 
to discriminate by this means the presence of harmless 
and of noxious agents, — no mechanism would be required 
I in the eye besides tlie expansion of the retina behind a 

mple transparent medium : and sight is sometimes re- 

iccd to this narrow scope, when it happens that the 

■nea becomes clouded through disease : in this case no 
mpression is perceived beyond lliat of undefined light 
B colour. 

When we consider sight in reference to the percep- 
■ion of colour only, some curious phenomena present 
ftiemselves which deserve our attention. 

When the eye has been intently fixed upon a coloured 
Lobject, upon directing it to a white ground a spectrum 
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of another colour but of the form of the 6rst object i 
seen and remains for some time afterwards in the fiel 
of vision. 

The second colour produced in tills experiment ■ 
termed the accidental colour of the first. 

The following table may serve to show a series of ai 
cidental colours. 

Natural CoJouri. Accidenlal C'oiouri, 

Red. Blue with a bidbII mixture of Green. 

Obanqe. Blde with nearly an equal part oriniligo. 

Yellow. Inbigo with a considerable mixture of Violet. 

BBS. Violet with a minture of Red. 

IE. Reo with a mixture of Orange. 

t\DiGO. Yellow with a considerable mill 

ViOLRT. Gheen with a considerable mixture of Blue. 

White and Black agtun are reciprocally accidental coIouk. 
From an experiment by the author of an article in the 
Edinburgh Encycloptedia, it appears that when a co- 
loured spectrum is thus pi-oduced by an impression upon 
one eye alone, a spectrum of the original colour is liabl 
to be perceived by the eye that has remained closed,- 
a phenomenon perhaps to be explained upon th( 
tinuity by nervous substance of one retina with the other. 
The rays of light appear not to affect every eye in a 
similar manner. There are some who cannot distinguish 
the diversity of colour which the generality of men per- 
ceive; and we may suppose from the existence of the 
deoxidizing ray beyond the violet ray of the prismatic 
spectrum, that there are elements of light which might 
affect the vision of other beings with sensations of which 
we have no conception. The following statement, whichi] 
I extract from tlie Medico-Chirurgical Trt 
describes the common form of defective 
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" My eyes (snys the writer of tliis narrative) are grey 
witii a yellow tinge round the pupil. The colour I am 
most at a loss with is green, and in attempting to distin- 
guish it from red, it is nearly guess-work. Scarlet iu 
most cases I can distinguish, but a dark bottie-greeri I 
could not witli any certainty tell from brown. Light 
yellow I know; dark yellow I might confound with light 
brown, though iu most cases i tliink 1 should know them 
from red. All the shades of light red, pink, puiple, &c., 
1 call light blue; but dark blues and black I think I 
know with certainty. Though 1 see different shades in 
looking at a rainbow I should say it was a mixture of 
yellow and blue, yellow in tlie centre and blue towards 
the edges. I have red crimson curtains iu the window 
of my bed-room, which appear red to me in candle-light 
and blue in day-lighL The grass in fiitl verdure ap- 
pears to me what otlier people call red, and the fruit on 
trees when red 1 cannot distinguish from the leaves, un- 
less when I am near it, and then more from the difterence 
of shape than colour. A cucumber and a boiled lobster 
I should call tlie same colour, making allowance fur the 
variety of simde to be found in both ; and a leek in lux- 
uriance of growth is to me more like a stick of red sealing 
wax than any thing I can compare it with." 

The writer of tliis narrative mentions that a similar 
defect in vision had occurred in other instances in his 
family. By Dr. Nicholl's su^esUon he made the cu- 
rious observation, that on fatiguing his sight at different 
times with gazing upon spots of red and green on a while 
ground, the eye became painfully aflected, but no acci- 
dentel colour made its appearance". I 
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If the objects of vision were limited to llie 
cation of a vague and indeSuite sense of shifting colours, 
the construction of the eye might have resembled that of 
the skin, and the optic nerve would require only to be 
incorporate^l with a vascular surface, and lo be protected 
by a transparent membrane analogous to the cuticle. 
But we receive through sight exact information of the 
form and distance of objects, and we must expect to fii 
in the eyeball a structure as elaborate and wonderful 
the intelligence which it conveys to us. 

The eye consists, 1. of n series of refracting media 
which the rays of light that enter it are disposed 
certain order : 2, of an expansion of the optic nerve, so 
placed as to receive impressions of light in the most fa- 
vourable manner: 3. of pai-ts which provide for tlie 
equable introduction of light into the eye, and for its 
abfiorption after it has traversed the retina: and 4. ofd 
spherical case in which the preceding parts are set. fl 
1. The refracting media in the eyeball are the cornea^*' 
the aqueous humour, the lens or crystalline humour, and 
the vitreous humour. 

The cornea is formed of a transparent dense elastjc 
laminated substance, bein<; a segment of a smaller ^here 
than the globe of the eye. As its surfaces are nearly pa- 
rallel, it deserves perhaps rather to be described as a 
piece in the case of the eye, than as part of the mechanism 
by which light is modified in its passage to the retina. 

The aqueous humour is a liquid, which consists of 
water impregnated with albumen, gelatin, and muriate 
of soda : its refractive power, according to the researches 
of Dr. Brewster and Dr. Gordon, may be estimated at 
1.3366, that of water being 1.3358. 

The form of the aqueous humour depends upon the 
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parts wliicli confine it. The aqueous humoui' is contained 
between the cornea and the lens, and fonns a meniscus. 
Its specific gravity is l.OOHS. 

The crystalline is a double convex lens, of which the 
anterior surface is flatter than the posterior: its sub- 
stance is gelatinous, and of much denser consistence at 
the centre than near the surface ; it is contained in a 
thin capsule. Its composition, according to the analysis 
of Berzelius, is as follows ; 

"Water 58 

Peculiar matter 35.9 

Muriates, lactates, and animal matter 1 

soluble in alcohol / 

Animal matter soluble only in water l 

with some phosphates .... J 

Portions of the remmning insoluble 1 

cellular membrane / 

100.0 

The refractive power of the different^arts of the crys- 
talline humour, according to Dr. Brewster and Dr. Gor- 
don, is as follows : 

Refractive power of the outer coat of the 

crystalline 1.3767 

Refractive power of the middle coat of the 

crystalline 1.3786 

Refractive power of the central part of 

the crystalline 1.3990 

Refractive power of the whole crystalline 1.3839 
The specific gravity of the crystalhne is 1.0765. 

The vitreous humour is a liquid resembling tlie 
tS 
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oi^ueous biimour; but it is contained in b pn^r capsule 
termed tlie hyaloid membrane, from wbtch innamovble 
membranous processes pass inwards to form a series of 
cells in which the liquid is lodged ; the vitreous hnmoor 
nearly fills the eyeball. The lens is imbedded in its fore 
part; the hyaloid membrane upon approaching the 
margin of the lens splits into two layers, one of which 
passes behind the lens adkerittg to its capsule, the an- 
terior passes upon the fore part of the lens and becomes 
ideiUified ■with its capsule. Air may be blown raio the 
circular channel between the tiro layers of the hyaloid 
membrane at the margin of the lens: tliis channel is 
termed the canal of PetlL 

The refractive power of the vitreous humour is I.3S9+'. 
In specific gravity and chemical composition it resem- 
bles the aqueous humour''. 

The optic nerve perforates the coals of the eye to- 
wards Uie inside of its axis, shrinking at tlie same time 
to half its former diameter. The retina, which 
monly described as the expansion of the optic nerve, 
a thin soft layer of nervous substance, embracing 
vitreous humour, and extendmg to no great distal 
from the margin of the cornea, or to the commencemi 
of tlie ciliary plicee. 

If the sclerotic coat be dissected off, and the chorioi'd 
drawn off with forcejis under water in the manner de- 
scribed by Dr. Jacob, the outer surface of the retinn ib,, 
exposed ; and if the eye be fresh, a thin membranoi 
tunic may he detached from the nervous matter hy geni 
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■^essure with the handle of a scalpel : in eyes that are 
»Bot fresh, the same substance detaches itself in shreds 
I from the retina. In some instances again, the nervous 
matter admits of being scraped from an inner mem- 
I brane, which is distinguishable upon tlie vitreous humour 
through the branching of blood-vesseis in its texture. 
\ preparation which had been three years in spirits, 
fa membranous layer was distinctly to be seen continued 
from the retina to the margin of tlie ciliary processes. 

The retina is not tensely stretched upon the vitreous 
humour, but has a tendency to lie in shallow folds; one 
of these folds is exactly in the axis of the eye, and con- 
ceals a circular de6ciency of nervous matter, discovered 
by Soemmering ; the foramen is j'j of an inch in dia- 
meter, and the nervous matter around it for the breadth 
of g'j; of an inch is of a bright yellow. 

The chorioid is a thin membrane which immediately 
supports the retina: it is very vascular; its veins, the 
branches of which describe parallel curves, are termed 
vasa vorticosa : it is supposed to be separable into two 
layers, the innermost of which is termed the timica 
Ruyschiano. Towards the margin of the cornea, the 
chorioid adheres firmly to the sclerotic, constituting 
what is termed the ligamentum ciliare: within, it is 
thrown into plica;, which are termed the ciliary pro- 
cesses; they indent the hyaloid membrane, where it 
splits to form the canal of PetiL 

The iris is a thin membranous curtain, which is spread 
behind the cornea ; it is attached to the ligamentum ct- 
liare, and floats in the aqueous humour : it has a circular 
perforation in its centre called the pupU. The u-ia is very 
vascular, so as when injected to appear composed of 
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vessels only: it is likewise largely supplied with nerves 
termed ciliary nerves, which are derived from the third 
and from the first division of the fiHh ; these make their 
way to the iris between the chorioid and the sclerotic, 
after having perforated the latter at the back part of the 
eyeball. Sir E. Home describes circular fibres at the 
unattached mar^n of the iris. The posterior surface of 
the iris is termed the uvea. 

The inner surface of the chorioid and of the ciliary 
processes, and the posterior surface of the iris, secrete a 
tliick black mucus termed the pigmentum nigrum : some 
of this pigment is found between the chorioid and scle- 
rotic. The colour of the eye is tJie colour of the iris, 
which results from the conjoined effect of the black pig- 
ment, and of the natural texture of the iris. In Albinoes 
the pupil appears red, and the iris pink, owing to the 
total absence of pigmentum nigrum in these individuals. 

The sclerotic is a deep cup of a thick and strong white 
fibrous texture, which contains and protects the mem- 
branes and humours that have been described. The 
cornea is let in like a watch-giass to a circular aperture 
in the front of the sclerotic ; it Is kept in its place by its 
continuity of substance with the sclerotic, and by the 
outer substance of the sclerotic lapping over it. 



The first inquiry which would occur to the mind upoB^ 
contemplating the several pieces of the above curious me- 
chauisni, we may suppose to be, — what changes in tlie 
arrangement of the rays of light are produced by iheir 
passage through the transparent humours of the eye? 

A simple experiment serves to answci' this question. 
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Take the eye of an animal recently killed, and remove 
witli care the back part of the sclerotic coat; interpose 
the eye thus prepared between you and a lumiiiotis body, 
as lor instance the flanie of a candle, so tliat the aper- 
ture of the pupil may be turnetl towards the luminous 
_ body, and the ex)>osed [mrt of the chorioid presented to 
.. your view : a distinct inverted image of the flame of the 
candle will appear formed upon the choriui'd or retina : 
and if two luminous objects be placed before the pre- 
pared eye, you may ascertain by removing one, that its 
image was painted on the side of the retina, the reverse 
of its real place. 
, Thus it appears that the effect of the refractions which 
take place in the eye is to arrange the rays of light, when 
tliey reach the retina, into an exact but inverted picture 
of tlie objects from which they last proceeded. But in 
order to form such ;i picture, all or the greater numlter 
of the rays which enter the pupil from single (loinls of 
the object, must be assembled In focal points upon the 
retina; and the several points of the object represented 
must be at the same relative lateral distance from each 
other upon the retina, as when they left the surface of 
I the object. To accomplish the latter purpose the retina 
L is concave, but for which form the picture upon it would 
be distorted. The importance of the former point is 
shown in cases wherein a want of exactness in the re- 
fractive power of the eye prevents tlie arrangement of 
the rays in focal points upon the retina, and produces an 
indistinctness of vision which is remedied only by the 
employment of glasses. In young persons the cornea is 
sometimes too prominent : this kind of eye is termed 
myopic, and is capable of seeing those objects alone dis- 
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tiiictly, which are brought within a short diataace of the J 
cornea. At a greater distance the vision of a myopic eye \ 
is confused, unless a divergent lens be used to rectify its 
unuaually great refractive power. In old persons tlie 
cornea is commotJy too flat, constituting the presbyopic 
eye; and tliose objects alone are distinctly seen that are 
at a distance. The rays, which enter the pupil of a pres- 
byopic eye from objects that are near, are not brought to 
focal points owing to the defective power of the flat 
aqueous hutnour, unless a convergent lens be used, 
the myc^ic eye parallel rays are brought to a focus, and 
disperse again before they reach the retina : in the pres- 
byopic eye the focal point of rays, that are divergent' 
when they reach the cornea, would be situated' bebii 
the retina. 

We may next inquire whether the sum of the info 
niation which we receive from vision be the direct re- 
sult of the impression made upon the retina, or be de- 
rived in part from other sources. Upon this question a 
decisive experiment is recorded by the piiilosophic Ches- 
selden, who carefully observed, after performing the 
operation of couching, the effect of the first impressions 
of sight upon his patient. 

" This young gentleman either had been bom blind, 
or had lost his sight so early, that he had no remem- 
brance of ever having seen : the blindness arose from a 
cataract, or opake crystalline, iu both eyes. Like other 
persons who have ripe cataracts, be was not so blind but. 
that he could discern day from night, and for the most 
part in n strong light distinguish black and white and 
scarlet. When he first saw, he was so far from making 
any judgement about distances, that he thought all ob- 
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jects whatever touched liis eye (as he expressed it), as 
what he felt touched liis skin. He knew not one thing 
from tmother, however difierent in shape or magnitude ; 
but upon being told what tilings were, whose form he 
before knew from feeling, he would carefully observe that 
he might know them again. Two months after being 
couched, his attention seems to have been drawn to the 
effects of painting, which lie then first and at once com- 
prehended : but even U»en he was no less surprised, ex- 
pecting the pictures would feel like the things they repre- 
sented, and was amazed when he found those parts wliich 
by their light and sliadow appeared round and uneven, 
felt only flat hke the rest ; and asked which was the 
lying sense, feeling or seeing? 

" Being shown a small miniature of his father, and tolil 
what it was, he acknowledged a likeness, but was vastly 
surprised ; asking how it could be that a large face could 
be expressed in so little room, saying it should have 
seemed as impossible to him, as to put a bushel into a 
pint. At first he could bear but very little light, and 
tlie things he saw he thought extremely large ; but upon 
seeing things larger, those first seen he conceived less, 
never being able to imagine any lines beyond the bounds 
he saw. The room he was in, he said, he knew to be 
but part of the house, yet he could not conceive that the 
whole house could look bigger. Before he was couched, 
he expected little advantage from seeing wortli under- 
going an operation for, except readuig and writing; for 
he said, he tliought he could have no more pleasure in 
walking abroad than he had in the garden, which he 
could do very safely and readily ; and even blindness, 
he observed, hod this advantage, that he could go any 



282 Knaailcdge of the Magnitvde and Distance of Objects^ 

where in the dark, much better than those who can see: 
and aAer he had seen, lie did not soon lose tliis qualitj, 
nor desire a light to go about the house in the night. He 
said every new object was a new delight, and the plea- 
sure was so great that he wanted ways to express it : 
but his gratitude to Mr. Chesselden he could not conceal, 
never seeing him for souie time without tears of joy and 
other Dinrks of affection. A year ailer first seeing, being 
carried upon Epsom Downs, and observing a hirge pros- 
pect, he was exceedingly delighted with it, and called it 
a new kind of seeing. And now being lately couched 
of his other eye, he says that objects at first appeared 
large to diis eye; but nut so large as lliey did at first to 
the other ; and looking upon the same object with both 
eyes, be thought it looked about twice as large na with 
the first couched eye only, but not double that he can 
any ways discover '." 

By these interesting details it appears evident that 
sense of sight originally gives us no information respect' 
ing the distance or real magnitude of objects, and that 
there is no essential resemblance between the ideas com- 
municated by vision and by feeling. Theearly years of li 
are employed by us in learning to interpret the signs 
external objects which we become acquainted wi 
through vision. As soon as there is intelligence in an 
infant's gaze, it extends its hands to grasp and examine 
each object in succession which attracts its sight 

But physiologists are apt to incur the error of attri- 
buting too much of the intelligence which we s^em to J 
vision to extraneous sources, and are liable* 
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to underrate the original capacity of the eye, and the 
quantity of information which we primarily derive irom 
this organ. It is observed, that objects are painted re- 
versed upon the retina, and we are supposed to acquire 
a knowledge of tlieir real position through the sense of 
touch ; — that ths size of objects as they are painted upon 
the retina bears no proportion to their apparent size, and 
the latter is supposed to bea fiction of the judgement;— 
that we appear to see right lines, when in fact no lines 
can be represented on the retina, which are not curved 
at least in one sense, and the notion of a right hne is 
supposed to be derived from touch, the geometrical sense 
as it has been termed. 

It becomes us therefore to inquire, whether there ex> 
ist any law in the constitution of the eye, by which notions 
in any degi"ee definite, respecting the size and figure 
and position of objects, are essentially communicated 
to us through vision without the assistance of the otlier 
senses. Of one of the questions brought forward, a suf- 
ficient elucidation seems contained in the general fact, 
that all lines which cut the retina in one plane, are seen 
as right lines. Observations of this description, which 
contain in a single expression an entire class of pheno- 
mena, are indeed the proper objects and seem the limits 
of philosophical research; yet in such a case there is 
still room to investigate, whether a law, though em- 
bracing an entire class of phenomena, may not yet admit 
of being merged in an expression still more general. A 
remarkable instance of this kind happens to be furnish- 
ed by the present subject, in the discussion of which I 
shall have to cite some experiments contained in Schei- 
ner's Fundament: Optic: the full value of which docs 
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not appear to have been ap|)reciated by modern wrhei's 
on vision, although they were apjilied by Dr. Porterfield 
and Dr. Heid to the solution of ilie most curious of the 
plicnomena before U8, vision namely ot" objects in their 
true jwsition by means of Inverted images on the retina. 

Let me premise that the mind attends at a given in- 
stant to one point only of an image delineated on the 
retina: so that our seeming perception of on extensive 
surface is made up at any moment of a perception of one 
point and a conception of the rest. Hence it is that it 
requires an effort of continued attention to enable us to 
compreiiend the figure of a new object, (as for instance a 
geometrical dingram, which we happen to see for the fii'st 
time,) while the eye seems to catch at a glance each part 
of a more complex figure, with which we were previously 
acquainted : the recollection in the latter case assists us 
in forming that conception of tlie whole, wliicli seems 
till we analyse it to be a part of vision. Hence the 
striking effect of a clever sketch, in which the imagina- 
tion vividly supplies what is wanting, and seems to give 
life and colour to a scene delineated by a tew skilful 
touches of the pencil. Hence too, tlie alarm reasonably 
produced on a superstitious mind by objects imperfectly 
seem in the dusk, the fancy adding to the outline or mo- 
tion imperfectly caught, an image which the mind re- 
alizes as a part of sensation. 

It may serve to illustrate the preceding remarks that 
the central part only of the retina appears fitted for ac- 
curate vision ; so that we habitually turn the axis of the 
eye to each point in succession even of a minute object 
on a plane surface, in attentively regarding it. While 
we thus shift the surface of the retina, on which the ob- 
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Fject is delineated, the image does not appear to move; 

} nor if we rapidly roll the eye from side to side, do objects 

before us appear unsteady. An oscilliiting motion of the 

■ eye is indeed constitutional with some persons: it is 

constantly, I believe, observed iji Albinoes, whose eyes 

I cannot bear bright day light; and lias been seen in per- 
s with grey eyes, who have had no conscious peculi&< 

E^ty of vision. 

Let us proceed to examine whether there exist any 

I original law of vision, which determines us to refer the 
several pouits of an image tbniied upon the retina to one 
direction rather than to another. 

It has been just observed that when the eye Is quickly 
moved from side to side, we are i^atisfied that the scene 
before us remains steady, and does not shift its place. 
Our conviction however in tliis instance is the result of 
reflection. When the eye moves, stationary objects 
change their apparent jilace in regard to it.- that for in- 
stance which was in front of the eye is now situated to 
its right or left : but we know that the position of the 
eye has been altered; and that, supposing the object con- 
templated to have continued at rest, its image must, 
when the eye moved, have been transposed to another 
part of tlie field of vision. Whetlier we direct the eye 
from the centre to the margin of an object before us, or 
the place of the object be so shifted as that its margin is 
brought opposite the axis of the eye, the effect upon the 

I retina is the same. The visual impression in either case 

I equally conveys the idea of change of place ; and we 

' refer to other sources for intelligence whether the eye 
moved away from the object, or the object from before 
the eye. But the following experiments show more per- 
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suttsivetylhe fact, tliat an object really shifls iU visual 
jiloce, when painted in succession upon difTereot poinU, 
of the retina. 

1. If the head of a pin strongly illuminated be viewi 
with one eye, at a distance of four inches, that is to say' 
within the common limit of distinct vision, the object is 
seen to be large and imperfectly defined, the outermost 
cone of rays, which enters the pupil from each point 
having been too divergent to be collected to a focus on 
the retina. If a card pierced with a pinhole be inter- 
posed between llie eye and the object, the latter may be 
seen distinctly defined through the pinhole, by means of 
rays that have entered the pupil nearly parallel, with a 
slightly divergent tendency. But the object may be seen 
by rays passing either through tlie upper or lower port, 
the right or lefl side, or the centre of tlic pupil. Upon 
shifting the card for this purpose the object appears to 
move in an opposite direction. Or if three pinholes be 
made, one in the centre, and one at either side, the ob- 
ject appears tripled, an<l if one of the side holes be. closed, 
the opposite of the three objects disappears ; if for in- 
stance the lefl hand pinhole be closed, the right object 
disappears. 

2. The preceding experiment may be varied by se- 
lecting for observation an object beyond the limits of 
distinct vision, as for instance the flame of a candle at 
ten feet distance^ In this case the obscurity of Xhs 
image results from the rays of light having been 
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ciently divergent upon entering tlie eye, and Imving 
formed it focus anterior to the retina, berore reacliing 
which they have again dispersed. In this case ngain, the 
interposidon of the perforated card on a similar principle 
restores distincuiess to the object, but with diis difference 
from tiie preceding, — that if the card be moved to one 
side, the object moves to tlie same side. If the card be 
perforated in several points at a line's distance, tlie object 
again is seen muUipUed in the same proportion ; but the 
closing a pinhole on one side of the centre obliterates 
the image upon the same side. 

3. It is well known that when the axis of the eye is 
turned inwards, and pressure is made upon the outside 
of tlie eye, concentric luminous circles are seen in the 
direction of the nose : if the pressure be shificd to the 
upper and outer part of tlie eyeball, the spectrum is de- 
pressed ; if the pressure be transferred to the lower and 
outer part of tlie eyeball, the spectrum rises or is seen 
at the inner and up(icr part of the eye. It will be ob- 
served that the form of the spectrum has a very accurate 
relation to the impression made upon the retina ; il" the 
pressure be made with the end of the finger, the spec- 
trum is nearly circular, If with the narrow end of a 
paper-folder, the spectrum Is oval. 

The experiments, which have been detailed, establish 
the fact, that the visual place of an object shifts, when 
its Image Is transferred to a, different part of the retina, 
and thus In some degree illustrate the principle upon 
which we arrive through sight at a notion of the relative 
place of objects ; but they leave in their original obscu- 
rity the source of our precise visual impressions respect- 
ing tlie true direction of objects, and the paradoxical fact 
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ihat we see objects erect by means of inverted pictures, 
upon the retina. The following experimeW, however, 
taken in coimexion with the preceding, fully elucidal 
these difficult questions. 

4p. If the head of a pin strongly illcminated, be viewi 
at the distance of eighteen inches, its outline is distinct 
and clear; the rays passing from each point of the ob- 
ject are brought to a point upon the 'retina ; but tb< 
rays reach the retina at different angles ; and by inti 
posing a. card perforated witli a single pinhole, the ol 
ject may be seen by rays, which enter the upper part, or 
the lower part, or the centre of the pupil. But no change 
in the visual place of the object occurs in this instancy 
as the card is shifted ; nor is the image multiplied, wheni 
seen through several pinholes in the card. 

We may hence infer tliat the angle, at which a ray ol 
light impinges upon the retina, does not alter the appa- 
rent durection oi' an object : but that at whatever angle 
a ray arrive at a given point upon the retina, the im- 
pression is referred to one and the same direction. This 
direction appears to be a line vertical to the point of the 
retina, where the ray impinges. If the eyelids be closed 
and pressure be made upon the eyeball with tlie finger 
above, below, or at either side, (the eyeball being so 
turned as to expose the retina to the pressure,) the lumi- 
nous circles in each case appear direcUy opposite to that 
partoftheretina, on which thephysicalimpressionismade. 

Thus it appears to be a law of vision, that we see each 
point of an object in the direction of a line vertical. to the 
point of the retina, on which it is delineated .- and the in- 
version of the picture proves to be an accident only, at- 
tending the arrangement of tlte rays of Ught in such aa 
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order, as the arbitrary form of the retina requires. By 
retracing our steps from tlie point, at which we have now 
arrived, we may attain perhaps yet clearer notions of 
the wonderful art displayed in the construction of the eye. 
The following different ends are seemingly comprehended 
in its design. 1. Each point of the retina being likely 
to receive the impression of rays of light at various angles 
is so constituted as to refer visual impressions to one 
direction only, in order that the information conveyed 
to us may be consistent 2. The retina is placed be- 
hind refractive media, which collect in one point upon 
its surface the rays that enter the eye from a given 
point of an object, in order that the same part of an ob- 
ject may not be seen in several places at once. S. Each 
point of the retina has a definite inclination, in order 
that vision maybe true; or in odier words, in order 
that the visual direction of an object may correspond 
with iXs tangible direction. 4. The retina is concave, in 
order to simplify the optical contrivances, by which the 
cones of rays diat enter the eye are brought to focal 
points upon it. 5. The retina being concave, the images 
of entire objects are necessarily reversed upon it to be 
seen in their true position ; but the retina might have 
been convex, and then for correct vision tlie images of 
ohjects would have been delineated upon it erect. 

We may now accurately discriminate what impressions 
in vision are essentially derived from the constitution of 
the eye, and what from a comparison of sight with the 
evidence of another sense. 

The property of vision above demonstrated is calcu- 
' Jated to give us definite impressions respecting exten- 
,'SioQ in one plane only. Instead of determining the place 
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of objects, it defines their direction ; instead of iofomuDg 
us of their real magnitude, it defines their visual beight 
and breatlth. The eye has no original measure for dis- 
tance. The lad couched by Chesseldeu thought that 
visible objects touched liis eye. The eye gives us no 
notion of real magnitude: when the eye is fixed upon a. 
point on the wall of a narrow chamber or in the vault 
of heaven, it seems to command an oval or circular area 
of equal visual dimensions : a foot rule under these cir- 
cumstances held at the distance of a few inches before 
the eye measures equally the side of a room or a seg- 
ment of the firmament. 

We jndge of tlie distance of objects by the greater or 
less indistincuiess of colour and outline, which we learn 
from experience belongs to objects when more or less 
remote. We judge of tlieir real magnitude by a caiU 
culation founded upon the apparent size and probable 
distance of objects. Hence we are liable to continual 
mistakes on these points. An Englishman in the clear 
atmosphere of Italy supposes distant objects to be nearer 
to him than they are. We think the moon larger wh«a 
near the horizon than when above our heads ; near the 
horizon the moon is more dim, we therefore by anar 
logy suppose her more remote ; but her vbual diame- 
ter is really the same, and tlierefore we are persuaded 
her disk is broader : a crow 6ying near us in a mist loses 
its distinct outline, and might through a similar fidlacjr 
be magnified into a traveller on horseback. ' I 

Let me finally remark, that the law above stated re- ' 
specting our vision of right lines is obviously a deduction 
from or contained in the more general law which hie 
been last illustrated. Ifit be U-ue that each point of aa 
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object is seeo in a direction vertical to tlie point o( (lie 
retina on which it is represented, it follows tliat a Une 
delineated upon the retina as cutting it in one plane, will 
appear a right line, whether it represent an ohject really 
curved or straight: our practioal persiuision of the cur- 
vature or struightness of such a line results fi'om the 
mode in which it happens to be sliaded. Let me take 
tbb opportunity of remarking that 1 have used the ex* 
pression of images or pictures upon the retina, to avoid 
circumlocution, and to denote merely the arrangement 
of tlie rays of light upon the expanded nerve ; it is ob- 
vious that during vision no sensible image is formed upon 
the retina. 

Hitherto we have considered sight in reference to vi- 
sion with a single eye; but habitually we employ both 
eyes; and it is interesting to inquire wliat are the condi- 
dons which render vision under these circumstances 
tingle or double. 

to be borne in mind that the centre of the retina, 
from wliatever cause it proceed, furnishes the most di- 
stinct vision. Hence in looking at a point of an object we 
invariably direct the axis of the eye towards it; and when 
we look with one eye at a succession of objects placed 
directly before us, but at different dbtances, the optic axis 
is seen to incline inward wlien we regard the nearest 
object, and to increase its direction outwards as we view 
those which are more remote. 

Now when we look with both eyes at any one of such 
a series of objects, it appears single, the rest appear dou- 

IUe. This familiar but remarkable phenomenon has 
^ven rise to the hypothesis that there are corresponding 
points in either retina ; it is supposed that when an object 
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is delineated upon those points of the two retJDK which 
are naturally associated, it appears single, and double 
under other circumstances. But it seems unnecessary 
to resort to this explanation of the fact. It has been 
already shown that objects are seen in a definite direc- 
tion ; when therefore it happens that the visual direction 
of an object is the same or nearly the same for both 
eyes, that object appears single ; when different, the ob- 
ject appears double. In both cases two objects are seen 
but in single vision they are seen in the same place, and 
therefore necessarily appear to form but one: the 
coincide, nnd are essentially indistinguishable. 

It is well known that if we close one eye, and attempt 
to judge of distance with the pye that remains open, our 
conjectures m-e wide of the mark. This circumstance 
results from our habitually taking the impression of both 
eyes in vision, which is much more full and strong than 
the impression made on one eye only. Our judgment 
is uncertain in the instance adduced from our having 
but half the data, upon which it is usually formed. 

For perfect vision with the human eye it seems re- 
quisite that the rays of light should undergo no reflec- 
tion after reaching tlie retina. The pigmentum nigrum 
appears intended to absorb the rays of light which have 
once impinged upon the nerve. Those in whom this 
secretion is wanting have a weak sight, and only see dis- 
tinctly in an obscure light We may suppose the retina 
in such cases liable to be dazzled by the reflection of part 
of the light from the vascular chorioid. On the oilier 
hard there are animals, which habitually seek their prey 
in the dusk ; in these and in several instances wbeie iho 
final cause of tlie peculiarity of structure is not cquaHy 
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obvious, the back part of the chorioi'd is covered with 
a membrane termed tlie ta|>etum lucidum, which presents 
a brilliant i-eflecting surface. The histi'e of the eyes of 
reals in an obscure place results from this cause. It is 
F supposed that tlie double impression of a low degree of 
I light upon the retina serves as a substitute for the single 
rimpingement of brighter light. M. Magendie ingeniously 
Foumpai-es with this disposition of parts a structure ob- 
Eserved by himself in the eyes of birds remarkable for tlieir 
Escute vision. In the eagle, the retina lies in numerous 
n&lds, so that we may suppose it several times perforated 
I by the rays of lighL 

To equalize the quantity of light admitted within the 
[eye under different circumstances appears one of the 
[.'functions of tlie iris. It is well known that the pupil is 
B diminished when light is more intense, and enlarges under 
e obscure light. What principally deserves atten- 
B^n in this phenomenon, is the mechanism {hrough 
Vwhich a change in the diameter of the pupil is produced. 
The most ready manner of accounting for the altera- 
ition of the size of the pupil, is to suppose the substance 
L which forms the unattached margin ofthe iris irritable. In 
[ many instances the iris distinctly consists of two portions, 
\ which appear from their colour to be differently orga- 
t nized, of an outer broader part, and an inner narrow 
f ring. In birds especially, in which the pupil is as mo- 
f "hile as their vision is perfect, the inner ring of the iris 
generally presents a hue totally different from the outer, 
and beginning at an abrupt line. In the ring-necked par- 
1 roquet of China, the inner ring is grey or slate-coloured, 
tthe outer ring yellow or orange. If the eye of this ani- 
tteal be attentively watched, the grey inner ring of the 
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iris may be observeil, when the pupil contrncts, to be-^ 
come sensibly narrower, as if it were the part that 
acted. 1 have not observed a similar change, however, 
in the iris of any otiier bird, though many have the ir»' 
similarly coloured. 

Upon watclilnj:; the eye of a cat or of n hawk, the con- 
traction of the pupil appears often to be voluntary. "When 
ihe eye of the animal i^ bent upon an object that excites 
its attention, yet which does not shift its portion, the 
pnpil may be seen to enlarge and to conlrnct alternately. 
The animal is probably employed in examining the ob- 
ject under different lights by Intentionally admitUngmore 
or fewer rays through the pupiL 

Another remarkable circumstance concurs with thi 
preceding in establishing a resemblance between the, 
action of the iris and that of voluntary muscles. The 
iris receives nerves from two sources, from the sentient 
part of the fifth, and from the thirti ; the main part of 
the latter is distributed as a voluntary nerve to the 
muscles of the eye. Now if the heail of a pig<!on be 
cut off, and, instantly aller, the upper part of the cranium 
be removed, and the entire brain be taken out, on pinch- 
ing tlie portion of the third nerve which remains attached 
to the eye, the iris acts suddenly, just as the biceps flexor 
cubiti acts in an atiimal recently killed, when the nerve 
which supplies that muscle is pinched. A similar injury' 
to the fifth nerve produces no visible efiect. 

If the tliird nerve be divided in the cranial cavity, 
while the animal is alive, the pupil immediately dilates 
to the utmost, and remains iounoveable, the iris being 
seemingly paralysed. When again the third nerve is 
pinched in the cranial cavity of a yourtg cat inSlaHtfy 
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after death, the iris will occasionally act as in die pigeon. 
In either case the exposure of the nerve must be very 
promptly executed, or the effectilescribeddoesnothappen. 
• J liave already mentioned the curious changes which 
M. Magendie observed to ensue gradually in the eyes of 
nbbits after the division of the fifth nerve ; but another 
fcmarknble effect followed instantaneously: the pupil be- 
came diminished to a point, and the eye was apparently 
blind. Blindness however had not appeared to ensue in 
pigeons in which I had previously made the division of the 
fifth nerve, and I have subsequently ascertained that the 
division of the fifth nerve in the cranial cavity of a cat 
produces no such effect ; and M. Magendie has Ukewise 
since found that if a bright light be concentrated with a 
iois upon the eye of tlie rabbit after the same experi- 
ment, the retina Is evidently sensible to the impression. 
But the contraction of the pupil in this experiment re- 
nains unexplained; — a singular anomaly, placed per- 
liaps in a still stronger light by the following experiment 
tV^ich I have repeated several times. A young rabbit 
l^ing killed, the upper part of the cranium was imme- 
diately removed, together witii the cerebrum. The optic 
nerve thus exposed, was pricked, and then divided ; no 
movement of the tris ensued : the third nerve was pricked 
ktid then divided ; the iris exhibited no change: tlieftflli 
uerve was then slightly compressed, and the pupil became 
contracted not suddenly but slowly and gi-adually, and 
iben slowly dilated; upon dividing the fifth, the pupil 
became contracted to the utmost, but in a gradual manner 
'dAougb more promptly than before, and remained fixed. 
It is difficult to explain this singular phenomenon. But 
It should be mentioned in connexion with it, tliat in the 
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cat and pigeon, in which the iris is paralysed by th»l 
division of the third nerve, and the pcpil remains pei^^ 
uianentlj dilated afterwards, llie pupil dilates likewise 
when deatii takes place. In the rabbit on the contrary, 
the pupil contracts as soon as ever life ceases. 

Wliat may be the properties of the human iris re- 
mnins in obscurity : it is not impossible that its action 
may be voluntary, but being disused except on two es- 
pecial occasions (when the light thrown on objects or 
their distance varies), we perhaps lose our original cou- 
ti'oul over it through neglect: such too appears to 
be the condition of the muscles of tlie soil palate which 
we seem capable of moving in one or two combined ao 
lions only ; but they are not the less under the influence 
of the will ; and some persons are found, according to 
Mageudie, who can move them separately at pleasure. 

If light be too intense, the eye ia dazzled, and objects 
are no longer distinguished; if the quantity of light be 
very inconsiderable, no adequate impression is made 
upon the retina, and vision does not take place. If again 
we enter suddenly an obscure chamber not absolutely 
dark, out of bright daylight, for a few seconds we discern 
nothing; but the eye quickly accommodates itself to the 
obscurer light, and vision is restored. 

Under any advantage of light it appears that objects 
are only perfecdy seen when within a certain range of dis- 
tance. The image of an object upon the retina is dimi- 
nished in proportion as its distance is increased ; and 
when the space the image occupies is reduced to less than 
a certain dimension, it wholly ceases to produce sensation. 
This remark, it will be seen, bears upon an expi'ession 
Uiat has been employetl jn the preceding pages, and 
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which though it lie convenient to retain it, must be taken 
\ -vith some modilication of its meaning. The cone of 
' rays that enters the pupil from any visible point of nn 
} object is said to converge to afocal point upon the retina ; 
s obvious, that such a focal point is very different 
I fi-om a point in the strict mathematical sense of the word ; 
I St signifies only a very small circle. 
r- But there is another cause, why the range of perfect vi- 
' rion has its limits, which has been already in part illus- 
' trated. It appears by the phenomena of myopic and 
presbyopic eyes, that a very nice arrangement of tlie rays 
of light upon the retina is necessary for distinct vision ; it 
is not therefore wonderful that we cannot see perfectly at 
all distances ; but on the contrary it ought ratlier to ex- 
cite our admiration, that we are able to see objects with 
any degree of distinctness at more distances than one. 
■ When we consider how different the angle must be at 
I wliich the marginal rays of each cone reach the eye from 
objects at different distances, it is reasonable to suppose 
that the focal length of the eye adapted to one case must 
he essentially unfit for any other. Nevertheless we are 
not conscious of making an effort to produce a change 
in the jefractive power of the eye, at the time we direct 
our attention from a near object to one more remote. 

^; A simple experiment, however, serves at once to prove, 
that when the eye is capable of seeing distinctly objects 
at one distance, it is unfit to distinguish objects at any 
other, and that we possess a voluntary power of instan- 
taneously altering the focal length of the eye. 

If a clear straight line be drawn with a pen upon a 
plane white surface from a foot to two feet in length, 
and ihe eye be placed jubt above the level of the white 
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surface, and be directed along the black line, the latter will 
appear distinct at one jKiint only, on cither side of which 
it appears confused, and spread over a widening space. If 
the eye be fixed upon a point nearer than that first looked 
at, but within the limits of distinct vision, the nearer 
point becomes defined, and the remote point confused. 

In Dr. Young's optometer a single line is seen through 
severs! narrow slits in a tliin brass plate, two or more of 
which correspond with the aperture of the pupil. Hence 
it happens, that except al the point to which the eye is 
adjusted, the line appears double or triple : or the lines 
are seen to cross at the point, at which vision is distinct ; 
and the crossingofthe lines may be made to appear more 
or less remote by directing the attention successively to 
different points of the surface. By means of a convergent 
lens, the effect of infinite distance is given to the length 
of a few inches upon the optometer, and a gradtiated'| 
scale shows the true distance at which vision is distinct^ 

At eighteen or nineteen years of age, a good eye should 
be capable of adjusting itself to objects situated at any 
point between five or six inches from the eye and infinite 
distance, or evenof bringing to a focal point upon theretina 
convergent rays. As life advances, the power of adjust- 
ing the eye is CMitinually diminished by an increasing 
inability to cOstinguish near objects. Between fifty and J 
sixty, tlie refractive power of an eye originally perfect is 
qualified to bring to a focus parallel rays only, or thdl 
power of adjustment is wholly lost. A myopic eye dot 
not, as is usually supposed, acquire a long sight in thd^ 
advance of life ; it possesses nt first a certain power of 
adjustment, as for instance, between four and nine inches; 
and when the power of adaptation is lost, its vision r&. 
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mains perfect at the remotest point to wliich its {xtwer 
of adjustment originally extended. 

Tlie mechanism by which tlie eye alters its focal length 
lemains in obscurity, notwitlistanding the numerous at- 
tempts that have been made to explain it. 
< An experiment made by Dr. Young, is fatal to the 
•npposition that the change produced consists in an 
alteration of the form of the cornea. A convex lens fixed 
in a socket, which contained water, and the edges of 
which were secured with wax, was applied to the eye, 
so that the cornea entered half way into the socket and 
was every where in contact with the water : the eye im- 
mediately became presbyopic ; but upon tlie addition of 
another convex lens to make up for the loss of the con- 
vexity of the cornea, vision was restored to its natural 
state, and the eye regained the power of adjustment^. 

Other experiments, made by Dr. Young, set aside the 
supposition tliat a change takes place in the length of 
the axis of the eye, to fit it for vision at different dis- 
tances ; — if experiments are indeed necessary to disprove 
the application of ^ny considerable pressure on this 
delicate organ, of which we have no consciousness at the 
time when by this hypothesis it should take place. 

Dr. Young himself concludes that the means of ad- 
justment consist in a change of form in the crystalline, 
Ae fibres of which he describes, and which he supposes 
to be irritable. But it does not appear fi-om direct ex- 
^riment that the crystalline possesses irritability ; and if 
&ith can be attached to a single well attested observa- 
tion upon a point so delicate, the instance of Henry 
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Miles, recorded by Sir Everard Home, proves that 
eye may retain its jMwer of adjustment after tlie remo< 
of this part 

The only evident change in tlie eye when adjusdng 
its focal length to different flistances, is an alteraiion in 
the diameter of the pupil. The pu]>il enlarges when a 
distant object is seen, and diminishes when we look at 
a nearer point. Upon a superficial analogy we might 
conclude that these changes are sufficient to produce the 
requisite alterations of the focal length of the eye : for 
by viewing objects through a series of pinholes in acard, 
the largest smaller than the aperture of the pupil and 
each of the rest in succession smaller than die last, the 
eye is rendered capable of seeing distinctly at the disi 
of four, of three, and even of two inches. When howevi 
the correctness of this hypothetical explanation is put 
tlie test of direct experiment, it proves to be fallacious. 

In investigating the point under consideration I 
availed myself of the assistance of Mr. Robinson of Do-. 
voDshi re-street, a very ingenious artist, who makes 
optometer contrived by Dr. Young, and who is 
conversant with the use of that instrument. 

A room was darkened by half closing the shuti 
and I attentively observed the state of the pupil, whi 
Mr. Robinson directed his eye to a definite point upon 
the optometer : the pupU was of course considerably di- 
lated : tlie shutters being then opened, the pupil instantly 
contracted, but the point upon the optometer 
the lines crossed did not shift its place, 
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to the use of the optometer, I comparetl its range 
le brightest and in the obscurest light in which the 
lines were visible, and observed no apparent diflference 
in the two cases. Mr. Hobtnson made a similar obser- 
vation. Either of these experiments prove that the 
^ange in the size of the pupil is not the means by whicli 
adjustment of the eye to distances is effected. But 
additional fact may be mentioned. Jn an old lady of 
r «btty-seven, whose sight in early life was remarkably 
I '^ood, but whose eyes can now only bring to a focus 
1 |)araliel rays, the pupil retains its mobility perfectly 
Ljlinder variations of light; and even sensibly moves 
r'npon her making ineffectual attempts to read without 
Spectacles a page held at different distances from her. 
It deserves remark, that afler the eye has had some 
■ practice in accommodating itself to exact vision atditferent 
■^stances, it is easy when an object, as for instance a screen, 
B held at the distance of six or seven inches, and has been 
r a few seconds distinctly seen, to adjust at pleasure the 
Xiallengtliofthe eye for vision at a remoter point; under 
I these circumstances the object held before the eye be- 
EComes confusedly seen ; the optic axes diverge, and the 
j)upil dilates. In a similar way the eye may be adjusted 
X pleasure to a shorter distance, at which no visible ob- 
s situated : thus a power appears to be acquired of 
■ Voluntarily influencing the action of tlie iris. 

[ have already observed that one part of the retina 
appears habitually used for accurate vision ; I cannot 
better illustrate this subject than by making the following 
extract from the Philosophical Transactions. 

" The visual axis (observes Dr. Voung) being fixed 
^jui any direction, I can at the same time see a luminous 
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object placal laterally at a considerable distance from it; 
but in various directions the angle is very different. 
Upwards it extends to 50 degrees, inwards to 60, down- 
wards to 70, and outwards to 90 degrees. These in- 
ternal limits of the field of view nearly correspond witb ■ 
tbe external limits formed by the different ports of thftfl 
lace, when the eye is directed forwards and somewbAI 
downwards, which is its most natural position ; although 
the internal limits are a little more extensive than the 
external ; and both are well calculated for enabling us 
to perceive the most readily such objects as are likely to 
concern us. Dr. Woliaston's eye has a larger Geld of 
view, l>otli vertically and horizontally, but nearly in the 
same proportions, except that it extends further upwards. 
It is well known that the retina advances further for- 
wards towards the internal angle of the eye, than to- 
wards the external angle ; but upwards and downwards 
its extent is nearly equal, and is indeed every way greater 
than the limits of the field of view, even if allowance ta 
made for the refraction of the cornea only. The sen* 
sible portion seems to coincide more nearly with tliS 
painted chorioi'd of quadrupeds; but the whole extent 
of perfect vision is little more than ten degrees; or more 
strictly speaking, the imperfection begins within a de- 
gree or two of the visual axis, and at the distance of five 
or six degrees becomes nearly stationary, until at a stiU 
greater distance vision is wholly extinguished. Th^ 
imperfection is partly owing to the unavoidable ab( 
ration of oblique rays, but principally to tlie uisensibiJil^ 
of the retina ; for if the image of llie sun itself be received^ 
on a part of the i-edna remote from the axis, tlie im-l" 
pression will not be sufficiently strong to form a p^i^^ 
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manent spectrum, although an object of very moderate 
brightness will produce this effect wliea directly viewed. 
The motion of the eye has a range of about 55 degrees 
in every direction, so that the field of perfect vision, in 
succession, is by this motion extended to 110 degrees'." 

A spot of the retina internal to the axis of vision is 
id to be originally insensible to light : it is usually 
supposed to correspond with the extremity of the optic 
nerve. The experiment by which this phenomenon is 
shown, is as easily made as it is well known. On repeat- 
ing it, I v-erihed the following measurements. 

Two circular pieces of red sealing-wax each an inch in 
diameter were fixed upon white paper at the distance of 
seven niches and a half asunder: having closed t)ie left 
eye, I drew back from tlie table, on wiiich the paper was 
placed at a moderate inclination : when the left-hand 
object was at tlie distance of 2 feet 6 inches from the 
right eye, and directly opposite to it, tlie right-hand ob- 
ject disappeared. On continuing to retire fi^m the 
table, as soon as the lefl-haud spot was 3 feet 8^ inches 
from the eye the right object reappearetl. 

Dr. Wollaston has described a partial and temporary 
insensibility of the retina in both eyes which has twice 
occurred to himself, and which has directed attention to 

tilar cases. The following are Dr. WoUaston's words. 

" It is now more than twenty years since I was first 
aflected with the peculiar state of vision to which I al- 
lude, in consequence of violent exercise I had taken for 
two or three days before. I suddenly found that 1 
«Duld see but half ^e face of a man whom I met ; and 
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it was the same with respect to every object I looked at. 
In attempting to react the name Johnson over a do6r« 
I saw only siON ; the commencemeot of the 

being wholly obliterated to my view. In this instant 
the loss of sight was toward my leA, and was the 
whether I looked with the right eye or the left. Tl 
blindness was not so complete as to amount to absol 
blackness, but was a shaded darkness without definite 
outline. The complaint was of short duration, and ia 
about a (juarter of an hour might be said to be wholly 
gone, having receded with a gradual motion from the 
centre of vision obliquely upwards toward the left. 

" Since this defect arose from over fatigue, a cause 
common to many other ner^-ous affections, I saw no 
reason to apprehend any return of it, and it passed away 
witiiout need of remedy, without any further explanation, 
and without my drawing any useful Inference from it. 

" It is now about fifteen montlis since a similar affec- 
tion occurred again to myself, without my being able 
assign any cause whatever, or to connect it with ani 
previous or subsequent indisposition. The blindni 
was first observed, as before, in looking at the face of a 
I)erson I met, whose left eye was to my sight obliterated. 
My blindnesswasinthis instance thereverseof the former, 
being to my right (instead of the left) of the spot to which 
my eyes were directed ; so that I have no reason to suppose 
it in any manner connected with the former affection. 

" The new punctum cajcum was situated alike in both 
eyes, when at an angle of about three degrees irora the 
centre ; for when any object was viewed at the distance 
of about five yards, the point not seen was about tei 
inches distant from the point actually looked at 
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"On tills occasion the affection, after having lasted 
witli little alteration for about twenty minutes, was re- 
moved suddenly ami entirely by the excitement of agree- 
able news respecting the safe arrival of a friend from a 
very hazardous enterprise ''." 

Dr. Wollaston with his accustomed sagacity inferred 
from the symptoms which have been described a pecu- 
liarity of structure in the optic nerves, the existence of 



^r^ ^ Phil. TroDS. vol. cxiv. p. 235. Iii a work iipoo the aiiatomy of 
the nervous Bjslem in vertubrni animnls published by Magendie 
and Desmoulins, a case i$ recorded which has great iiitorest in con- 
nexion with Dr. Wollaaton's narrntion. 

" M. de M a In suite d'une fievre cerebrale, & depuis iin 

moid, le cote externe de la retine gauche iniiensible, De cct (Eil il 
ne voit queles objclssitu^ a gauche du centre dc vision. Etcomme 
en mcme temps cet ceil aeon axe d6vi6 en dehors par une pnralyMe 
dn aerf de la traisiSme pure, d'oil resulcc aussi une procidence dc 
la paupi^re superieure, quand il regarde des deux yeux il voit les 
objets doubles. Mais ce qui etl plia lingulier ciicore c'est que, I' ceil 
devie etant ferme, la perception de I'aeil gauche lui fait voir Ics ob- 
jets d£p]3C& de vingt a vingt cinq degres a droitc de leur position." 
p. 674. 

The point, which is additionally remarked as surprising in this 
cose, is B necessary consequence of the displacement of the eye 
through the paratysis of the third nerve: the abductor muscle re- 
taining its action is described as having given tlie nxie of the eye a 
direction outwards ; the eyeball may therefore have become displaced 
something in the same manner as if it had been pressed outwards by 
the finger applied to the inner canthiis. la the latter ease objects 
apparently move with the eye which is moved, and vision with two 
eyes is rendered double. This phenomenon is reconciieable with or 
is deducihie from the tow of vision already explained. What is para- 
doxical in it is, that although objects are seen iu two places at ooco, 
they are seen in their real place by both eyes. 
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which lias been confirmed by anatomical examination. 
It has been already mentioned that the outer fibrils of 
the tractus opticus of one side are continued to form the 
outer part of the optic nerve of the siune side, and that 
the fibrils next in order pass over to the inner and cen- 
tral part of the opposite nerve : thus the parU of the twj 
retinie, on which tlie same port of an object isdeliiieal 
appear to be supplied from one nerve. 

The eyes of dillerent animals vary remarkably in their 
capability of being directed at the same time to the same 
object. In some agaui a connexion exists between the two 
optic nerves, in others the optic nerves are .separate, &om 
their origin to their termination. In several species of 
fish the nerves distinctly cross without intermixture frota 
the thalamus of one side to the eye of the opposite. Hl'i 
birds tlie optic nerves cohere near their origin ; and it' 
has been observed that the degree of blindness, which is 
produced by opacity of the cornea, is alone sufficient in 
the space of three weeks to produce wasting and disco- 
louration of the optic nerve, which extends to the tubercle 
of the opposite ade ; and conversely, that if the optic 
tubercle be injured on one side, blindness of the opposite 
eye immediately ensues. In human beings atrophy of 
the ojitic nerve follows blindness very slowly, and the 
same alteration is not supposed to be continued beyond 
the commissure. Nevertheless I have witnessed in one 
instance a discolouration of the optic nerve on one side 
joined with a similar appearance for a short extent upon 
the opposite tractus ; but the intermediate portion of the 
commissure was white, and of the previous history of tb^ 
case nothing was known. 

In the preceding details the movements of the 
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have been occasionaUy referred to : we may now examine 
tlie contrivances provided for this purpose, and the na- 
ture of the external parts intended for the protection of 
the organ of vision. 

The optic nerve, of which ahoiit an inch is interposed 
between the foramen opticiiin and tlie eyeball, contri- 
butes to lioKl the eye forward towards the front of the 
orbit. The intervals between the different parts con- 
tained ill the orbit are filled with adipose substance. 

Six muscles are inserted into the sclerotic coat of the 
eye, of which four are termed recti, and two oblitjui. 

The recti arc thin flat muscles which rise from the 
margin of the foramen opticum, and extend, one over the 
upper part, one upon the outside, a third upon the in- 
side of the eyeball, and a fourth below it, to be inserted 
each by a thin tendon into the sclerotic at about five 
lines from tlie edge of the cornea. 

The four recti are distinguished individually by the 
names of, superior, inferior, internus, and externus, with 
which the terms attollens, deprimens, adducens and ab- 
duoens, are used synonymously. By carefid dissection a 
layer of membrane may be separated from the part of 
the sclerotic between the insertion of the recti and the 
cornea. This membrane is termed the tunica albugineo, 
and is considered to be the aponeurosis of the recti 
muscles. 

It is easy to understand that these muscles acting 
singly would direct the eye to four equidistant points in 
a circle, and acting in concert might turn tlie axis of the 
eye towards all the intermediate jioints : and it is equally 
obvious that they must exert a constant effort to retract 
the eye, against wliich the elasticity of the optic nerve, 
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and the adipose substance in the orbit, would make v 
iuadetjunte resistance. 

The two remaining muscles appear intended to coun- 
teract the effect last alluded to. 

The obliquus superior or trochlcaris rises from the 
upper and inner part of tlie margin of the foramen op- 
ticiun, and advances obliquely forwards and inwards 
towards the margin of the orbit, where a loop of mem- 
brane is attached, through which its tendon passes, and 
is subsequently reflected downward, backward and out- 
ward, to be inserted into the upper part of the eyeball 
behind its vertkal axis. 

The obliquus inferior oculi rises from the nasal pro- 
cess of the superior maxillary bone, and passes obliqndt 
outwards and backwards below the eyeball to be ini 
into the sclerotic within the rectus externus, and b 
the transverse axis of the eye. 

Ilie action of the obliqui is involved in scuni 
scurity: there can indeed be no doubt respecting tlu 
principal use ; by drawing the eye forward they prevei 
that constant retraction which would othei'wise be pi^ 
duced by the recti. But individually they are calculate 
to give each its specific direction to the eye: the I 
liquus superior points the optic axis downwards i 
outwards ; the obliquus inferior, on the other band, i 
rects the eye upwards and outwards. 

What renders this question still more intricate, i: 
three nerves are employed to supply the six muscles tl 
have been described.. The fourth nerve supplies 1 
obliquus superior, the sixth supplies the rectus extemid 
and the third supplies the remaining muscles. 

It is remarkable again, tliat of the six muscles of tl 
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eyeball, tliree turn the optic axis directly or obliquely 
outward, and that each of these three muscles is supplied 
from a separate nerve ; two indeed having one nerve ex- 
clusively distributed to each. 

The intricacy of the muscular nerves of the eye admits, 
however, of a conjectural explanation. Wemay remark 
that their distribution is not such as to allow of our op- 
posing the recti to the obliqui : in following this indi- 
cation we are slopped by the fact that the third nerve 
supplies half or the greater part of each class. But from 
the close anatomical relation between the origins of the 
third nerve and of the fourth, we may conclude their 
function to be not materially different ; whereas tlie siicth 
nerve rising from a remote point, seems distinguished 

■entially from bodi the others. 

It appears to be a principle in tlie construction of the 
nervous system, that nerves of motion rise near the origin 
of those sentient nerves, through which the actions they 
controul are habitually excited. 

This principle is remarkably exemplified in all the 
spinal nerves, and in the distribution of the fifth and 
seventh cerebral nerves ; and the origin of the tlibd and 
fourth nerves is sufficiently near that of tlic optic nerve 
to bring them under the same law. Now when we ex- 
amine the connexions of the sixth nerve, we find it pass- 
ing to the back part of the medulla oblongata, and rising 
near the fillh and the seventh; that is to s.iy, it rises 
near those nerves which comprehend within their func- 
tions the sensibility of the surface of the eye, an influence 
over the secretion of the lachrymal gland, and the sense 
bearing. When ag^n we examine the distribution 

the sixth nerve, we find it forming the sole supply of 
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a muscle wliich lias a remarkable consent with the three 
ufUces alluded tu. The rectus extemus or abducens 
aculi, wliich it supplies, directs the axis of the eye out- 
wards. And we may remark, 1. that when the optic 
axis is directed outwards, the surface of t}ie ^e is carried 
towards the orifices of the ducts of the lachrymal gland: 
2. that tile reversion of the ej-e for vision is commonly 
suggested by impressions upon the org^i of liearing: 
and :j. OS an instance of tlie consent between the common 
Iceling of the eye and the action of the abductor, that 
when an ass is destroyed by pithing, if while imperfect 
life yet remains in the head the eyelid:, be rendered in- 
capable of closing by the division of the jxirtio dura, and 
the surfaceofthc eye be then touched, the motion of iheeye 
to avoid the ofJl;nding substance is in a direction outwards. 

When the eyelids are kept shut, the eyes are com- 
monly in motion : during sleep, as Mr. Bell remarked, 
the eyes are fie(|uently turned upwards ; but sometimes 
they ai-e directed straight forwards. Whenever I close 
eitiier eye singly, it is immediately drawn outwards, and 
upon raising the eyelid, is seen in the act of returning to 
its place. 

Squinting consists in a want of consent between 
muscles of the two eyes, through which defect the opi 
axes are habitually directed towards different points^ 
The inclination of one eye inwards may be so great as 
to exclude it from the vision of objects towards which 
the other is turned, or may be so slight as to allow of the 
distorted eye taking in part of the same field of vision 
with its fellow. In either case it appears that those who 
squint, habitually neglect the impressions upon 
torted eye, and soc with but one. 
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The cause of squinting is obscure : for though it fre- 
quenlly happens that the eye whicii squints ]ias an im- 
perfect vision, so as to favour the supposition that it is 
instinctively averted in order to prevent the perception 
of objects becoming confused; yet in other cases, vision 
with either eye is equally goo<l, and the patient can al 
will employ either singly, but cannot prevent the other 
from turning away from the object of vision. 

Perhaps in cases of the latter description the original 
adjustment of the two eyes is not true; so that if both 
were directed towards the same object, it might neces- 
sarily appear double, upon the same principle as in the 
remarkable case transcribed in a note to page 305. 

The parts employed for the protection of the eye are, 
the eyelids with their muscles, the tunica conjunctiva, 
and the lacrymal gland. 

Tlie eyelids are two folds of skin to which shape and 
firmness is given by two slips of cartilage termetl the 
tarsi. U(>on the surface at which the eyelids meet, 
tlie skin is gradually transmuted into a mucous mem- 
'brane termed the conjunctiva which lines the tarsal car- 
tilages, and is reflected from the inner surface of the 
eyelids upon the scleix)tic coat to cover the front of theeye, 
the tunica albuginea, and the cornea. The tarsal carti- 
F liges have a membranous joint at either corner, from 
Rlrhich a ligament extends to the adjoining bone: the li- 
[ gmneni; on the inside is well defined, and of a bright silvery 
colour, and is called the tendo oculi; it extends to the 
nasal process of the superior maxillary bone : the external 
ligament is broader and of a membranous character; 
I it extends to the frontal process of the malar bone 

The opposite edges of the tarsal cartilages are so 
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grooved and iJtiDtcil awaj intfrnfilly, as to form wlien 
tJiey meet a channel, which is closed at the back pnrt 
by the eyeball. The external edge of this groova; 
is guarded with the strong hairs which form the ey( 
lashes, and upon its inner edge from thirty to forty thli 
white ducts open, whicti are termed glands of Meibo- 
meiisi tiiey are filled with a white sebaceous or albumi- 
nous material. At the inner canthus of the eye the tu- 
nica conjunctiva is reflected over a fleshy fold temied the 
caruncula lacrymalis. The liijuid which lubricates the 
surface of tlic eye appears raised by this fold of mei 
brane to the apertures of the puncta laci'ymalio, 
two capillary tubes are termed, which carry off the hqi 
from die surface of the eye; they terminate in an oval' 
bag, termed the laci^ymal sac, which is lodged in a com- 
mon fossa of tlie OS unguis and superior ma^llary bone, 
and transmits the tears onwards towai'ds the nose. 

The tears foi-m a salt transparent liquid, a hundredth 
part only of which consists of saline ingredients. Soda, 
und muriate of soda, phosphate oE lime, and phosphat 
of soda, with mucus and water, are dte component 
of die tears, according to Fourcroy and Vauquelin. 
tears are secreted by the lacrymal gland, a flattened cir- 
cular body ill structure and apjiearance resembling a 
salivary gland, which is placed at the outer and upper 
part of the orbit ; its five or six small ducts open at the 
neighbouring angle of reflection of the tunica conjunc- 
tiva from Uie upper palpebra upon the eyeball. 

The lacrymal gland is suppUed with two nerves from 
the first division of the fifth : its secretion is remarkably 
under the influence of the mutd. Yet the surface of the 
eye does not seem less moist than usual wheu the fifth 
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nerve has been divided, and it is questionable whether 
the liquid with which it is generally lubricated be de- 
rived from the lacrymHl gland or from its mucous co- 
vering. The remarkable effect of dividing the fiftii 
nerve upon the nutrition of the eye has been already 
described : it deserves remark, that the eye is rendered 
ioseniiible to common stimuli by this operation. Di- 
luted liquor ammoniee applied to the eye in this state 
produces no inSammation of its surface, — a phenomenon 
extremely curious, when viewed in connexion witli the 
fact, that the operation itself produces a violent inflam- 
mation of the tunica conjunctiva in twenty-four hours. 

When the optic axis is directed forwards, the eyelids 
meet at tiie lower margin of tlie cornea. The lower eyelid 
has little motion ; the upper eyelid alone is concerned 
in the ordinary opening and shutting of the pulpebrse. 

The muscle which raises the upper eyelid is termed 
tlie levator palpebrie superioris ; it rises from the margin 
of the foramen opticum immediately above the rectus 
superior oculi, and is inserted into the upper tarsal car- 
tilage : it is supplied by die third nerve. 

Tlie muscle which closes the eyelids is called the or- 
bicularis palpebrarum ; it is disposed for some breadth 
beneatlt the skin of the eyelids in concentric fasciculi. 
This muscle is supplied by the litlh nerve and by the 
portio dura of the seventh, and is paralyzed by the di- 
vision of the latter. The fifth nerve and the sevenlli 
rise together : the filth imports sensibility to the sur- 
face of the eye, to the eyelids and eyelashes; and the 
least irritation of these parts calls into action the orbicu- 
laris palpebrarum, which receives itsstimulus through the 
portio dura of the seventh. If the hand be moved with 
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velocity before the eye st three inches distance irom its 
surface, we are scarcely tempted to close the ^elids; 
but If it approach so nenr as sensibly to af&ct the eye< 
lashes by the displacement of the air, though we are con- 
scious that it threatens no injury, we lind it scarcely 
possible to refrain &om the action of winking. The coow 
sent between the fifth and the seventh nerve in this in* 
stance seems as close as that between the second and the/ j 
third, or as the connexion between a vivid impression 
upon the retina and the contraction of die pupil. 

Section 2. 
Of the Organ of Touch. 

When the temperature of the media next to us varies 
considerably from our own, we feel heat or cold ; when 
ihe pressure of surrounding substances is actually or re- 
latively increased above thnt which we babltimlly sustain, 
we feel the contact of boilies, their hardness, softness, 
and the like. The preceding modes of sensibility consd- 
tute the sense of touch. Parts which enjoy the sense 
of touch are exquisitively alive to mechanical injury or 
chemical action. 

The skin is the principal seat of touch ; but this sense 
is shared by the mucous surfiices of the eyes and nose nnd 
fauces, of the larynx pharynx and cesophafrus, of the 
rectum and urinary canal, and of the external part of 
the uterine system, as well as by the voluntary muscles. 

In some of the latter instances, the eye namely and 
the larynx, the surface is much more acutely sensible 
than the skin ; but it conveys not the same defined and 
accurate imprei,sion as the skin itself. Different parts 
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ef llie skin likewise enjoy the sense of toucb in diiferent 
degrees. The hand and fingers, the dps of tlie latter 
especially, have practically the finest discrimination of the 
tangible qualities of bodies ; but it is difficult to detei-- 
mine how much of the superiority of the hand in touch 
may result from the happy flexibility of its joints and the 
number of its muscles, by which it can vary its form and 
pressure to suit the nature of different substances. 

Sensations of heat and cold are relative ; the weather 
which is mild in winter, appears cold to us in summer. 
Like other sensations these again essentially depend not 
merely upon the present impression, but upon the con- 
dition of the sentient organ. Thus a patient occasionally 
feels chilly, when the surfece of his body seems to a by- 
stander more heated than usual. The sensation of cold 
in the preceding instance is analogous to the perception 
of flashes of light before the eyes, when an apoplectic 
attack is threatened. 

Custom enables the skin to sustain withont inconve- 
nience a degree of heat which naturally gives pain, and 
even to resist the physical injury, which it commonly 
produces. Some extraorduiary exhibitions have been 
presented to the public, in which there evidently has 
been no deception, yet in which the operator has applied 
heated liquids or heated metals to the skin or tongue, 
witliout producing that vesication of the surface which 
another would have experienced. 

It is interesting to trace the order in which the sense 
of touch may be supposed to communicate to us our 
first impressions respecting an external world, or to 
analyze ihc precise evidence upon which our notions 
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of wliat are termed tbe primary qualities of motter are 
founded. 

A sensation of touch resulting from the contact of 4 
foreign substance with the sbiii communicates a distinc^ ' 
impression of its plnce. If sensations of touch be ex- 
cited at diiTerent parts of the surface of the body, and 
contiuuc long enough for the mind to compare them, the 
notion of an intermediate space, together witli the aba- 
tract idea of extension, follows. If a foreign substance 
be moved upon the surface of the body from one point to 
another, the consciousness we have of its change of place 
gives origin to the idea of motion. What we term rough- 
ness, smoothness, and the like, are sensations produced 
by moving different substances in contact with the skin. 

Branches of the same sentient nerves, which supply 
the skin, are distributed to voluntary muscles in con- 
junction with their voluntary nerves : and muscles of 
this description appear to enjoy in a very Ingh d^ree a 
modified sense of touch ; a peculiar sensation indepen- 
dent of that referred to the skin is produced by resis- 
tance to their efforts. It is from this muscular sense that 
we immediately derive our notions of the hardness or 
soilness, and of tlie weight and momentum of bodies. 

The something external, whicli is the cause wliy sen- 
satjous occur in us, we call matter. By combining the 
djflercnt sensations, which arise m us on die same oc- 
casions, we form our notions of different material sub- 
stances. We suppose matter to be impenetrable, since 
we find that two material substances cannot occupy the 
same place at once. We suppose matter to be infinitely 
divisible, since we cannot conceive a particle so minute as 
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not to have two surfaces that might (i(Im!t of separation, 
— much in the same manner that we suppose ispace to be 
infinitef since the imagination can always frame the idea 
of extension beyond the greatest assignable distance. 

The nerves which minister to tlie sense of touch are 
the jKisterior roots of the spinal nerves, the large division 
of the fifth, the nervi vagi, and the glossopharyngeal 
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The body, the neck and occiput, and the limbs are 
supplied by the spinal nerves ; the head and fauces by 
the fifth; the pharynx and oesophi^us by the nervi vagi 
and glossopharyngeal nerves. 

It is remarkable that the nerves of touch have gan- 
glions near tiieir origin. It is to this class of nerves, tliat 
physiologists have commonly but vaguely attributed the 
unconscious influence, which is exercised by the nervoits 
system over nutrition. Recent observation and experi- 
ment concur in supporting the justness of this conjecture. 

In an interesting case of anaesthesia mentioned by Dr. 
Yellowly, in which, though sensation was almost wholly 
extinguished in the fore-arms and hands and in the legs 
and feet, yet the power of voluntary motion was not 
much diminished, it was observed that an elevated tem- 
perature more readily produced vesication of the skin 
than in healthy persons ; that is to say, the palsy of the 
nerve which experiment has proved to be the nerve of 
touch, had deprived the part of its physical capacity of 
resisting heat. 

I have already mentioned M. Mogendie's experiments 
of dividmg the fifth nerve in the cranial cavity, both at 
the ganglion of Gasser and at a part nearer to the brain, 
and the injurious effect in each case upon tlie structure 
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of the eye; extending in the former to destructive ulce- 
ration, in the latter prodacing a partial opacity trf the 
cornea only. 

What renders these experiments of more than usnal 
value, is the light which they have directly thrown upon 
pathology and surgery. In my Anatomical Commen- 
taries I have described a case, which was treated by 
Dr. Macmichael, and which presented the auomaJous 
circamstance of inBamniation of the eye combined with 
palsy of the fiilh nerve, that admitted of a satisfactory 
explanation by reference to Magendie's experiments on 
animals ; and M. Serres has subsequently published a 
case of a very similar nature, and of the highest in- 
terest : for the patient died, and the oppoitunity was 
taken to examine the change which had ensued in the 
fWth nerve. The sentient portion of the fifth together 
with the ganglion was found discoloured, softened, and 
loaded with a quantity of serosity ; this change extended 
to the origin of the nerve, and was the more distincti,fl 
as it happened Uiat the muscular portion of the fifth n 
unafiected. 

In this case M. Serres observed that in addition to 
the change produced in tiie eye {a tliickening namely and 
opacity of the cornea with adhesion of ihe iris to its sur- 
face) other parts had likewise suffered in their texture. J 
The mucous membrane of tlie tongue was softer and more I 
spongy on the affected side ; and though the gums were ii 
a scorbutic state on both sides, yet this appearance was fe 
more marked upon the side which had been insensible ' ' 

I Medico-cbirurgiea! Trans, vol. lii. p. 9*. 
" Magendie. Journal Je ISiys. torn. v. p. 248. 




Of the Organ of Task. 

Tlie organ of taste is situated at the commencement 
of the digestive canal, nnd appears originally intended to 
provide us willi the means of distinguishing wholesome 
food. 

The apparent seat of taste is the tongue and palate : 
the same stirfaces have an exquisite sense of touch ; and 
an attentive examination shows that the latter occupies 
& lai^r surface than the former, and is imleed the only 
sense with which the palate is endowed. 

Upon the surface of the tongue again the sense of taste 
is very partially distributed. ITie mucous membrane 
which covers it is marked by n vast variety of little eleva- 
tions. Fornn inch from its root the tongue is covered with 
mucous follicles: before these, fourteen or fifleen broad 
papillee, termed pnpillte conical, are found, that are con- 
tained in fossulfe, being adherent by their apices and 
presenting a broad cupped surface level with the dorsom 
of the tongue ; seven of these advance on either side 
from the centre to the edges of the tongue, the whole re- 
maining surface of which is covered with oval pnpillfc 
that proceed in ranks parallel to the papillse conicor; 
these are termed papillse cono'idese: at the edges of the 
tongue some of similar fabric seemingly to the last assume 
a shred-like appearance, and are called papilla; fihlbrmes: 
while a fourtli class remains, that are interspersed among 
the papilla! cono'tdeEe ; tliey are termed papilla; fungi- 
formes: the largest of these are found upon the dorsum 
of the tongue, where they exceed die papillae conoidea; 
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in size; they are smaller but more numerous along ttiej 
sides and towards the tip ofthe tongue. 

Of these papillae the liist alone belong to taste; they 
are vascular and erectile, and may be observed to shoot 
up upon the surface of the tongue, when it is touched by 
a sapid substance. 

In order that a substance may excite a sensation 
taste, it must be presented to the tongue in a lifjuid state: 
to promote this object, when a. solid is placed in th 
mouth, the saliva is observed to flow abuudantly 
sapid (juaUties are |)erceived in proportion as it dtssolvesr 
in like manner an aeriform fluid is tasted as soon as til 
moisture ofthe mouth becomes impregnated with it. 

Various substances after exciting the sense of touch 
on the fauces, and that of taste upon the tongue, are ca- 
pable of producing a third impression which is popu- 
litrly referred to tlie palate, but is really felt upon the 
sentient membrane of the nostrils : tlie fume of certain 
kinds of food ascends into the cavities of the nose, and 
produces a third and distinct sensation : in administer*! 
ing medicine to children, it is well known that thegrealt 
part of what is disagreeable in its flavour may be avoid- 
ed, by closing the nostrils while the draught is swallowed 
mid by repeating this experiment upon various articles 
of food, it is easy to ascertmn how much of their flavour 
depends upon one sense, and how mucli is appreciated 
by the other. Hence it is that the senses of taste and 
smell have been often compared as having a resemblance, 
the odour of many substances being supposed to resem- 
ble their flavotu*; while the fact is, that the flavour of 
such bodies consists in their scent, and diat the two 
pressions, which are compared, are identical. 
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It follows from what has been said thai substances 
taken into the fauces may be such as either, 

1. to excite sensations of touch alone; of this nature 
are rock-crystal, sapphire, or ice ; 

2. or to be felt upon the tongue, and in addition to 
excite sensation in the nostrils, as for instance tin and 
other odorous metals : 

3. or to be felt upon the tongue, and in addition to 
excite sensations of taste, as for instance sugar and salt: 

4. or finally, to be felt upon the tongue, to be tasted by 
the tongue, and in addition to excite sensation in the nos- 
trils, as for instance bread, manna, and other substances. 

It may be remarked in addition tliat some substances 
of a penetrating nature, such as peppermint, appear to 
produce another distinct impression, the seat of which 
seems to be the pharynx. 

Sensations of taste are not perfect, until the mouth 
is closed and the tongue pressed against the palate, by 
wliich means tlie sapid liquid is brought into more exact 
contact with the surface of the tongue and perhaps forced 
into the texture of its mucous membrane, at the same 
time that its fumes are driven through the posterior 
fauces into the cavities of the nostrils. 

The tongue is supplied, by the ninth nerve, which is 
distributed through its muscular texture: by the gusta- 
tory, a branch of the ganglionic portion of the third di- 
vision of tlie fifth, which is distributed not merely to the 
muscles of the tongue, but to its mucous surface likewise 
and to two of tlie salivary glands; by the glossopharyngeal 
nerve, which gives branches to the surface of the root of 
I ibe tongue. 

After the division of the ninth nerve on both sides in 



322 Oj'udoroiii Iniprcssiom. 

liogs and rabbiu, the tongue lostis the power of motion, 
so tliat, when a little drawn out of the mouth it remains 
protruded, and is not retracted when acrid substances 
are applied to it; which yet evidently produce the usual 
degree of sensation. 

Upon dividing the gustatory nerve the tongue loses 
sensation, but its muscles appear to retain their Lone. 

Upon pinching the gustatory nerve in animals imme- 
diately atier death, no movement follows of the fibres of 
the tongue : but each time that the ninth nerve is pinch- 
»1, the muscles of the tongue are convulsed. 

In a case in which the symptoms present showed tliat 
every portion of the tifth had lost its influence, the pe- 
culiar sensibility of the root of the tongue remained ; a 
vague sensation of touch, attended with a nusmentary 
nausea and effort to vomit, ensued as in healthy persons 
upon pressing the surface of the root of the tongue with 
a probe. Upon pinching the glossopharyngeal nerve in 
animals immediately aller death, no spasm follows of 
the muscles of the tongue. 
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of bodies : the air seems to dissolve infinitely minute 
portions of every substance with which it is in contact. 
Hence arise the virtues of salubrious situations, or the 
poisonous fjualities of such as ai'e noxious ; the atmos- 
phere becoming impregnated with the elements of the 
soil in proportions too delicate to be tested except by 
the animal frame, into which they find admission through 
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pulmonary absorption. The atmospheric soltilioii ot'inaiiy 
substances is distinguishable by the sense of smell. The 
organ of this sense forms the commencement of the res- 
pirator^' tube, so that each timcwc breathe, the olfacieut 
qualities of surrounding substances are submitted to our 
senses. 

The sense of smell is calculated to give warning of the 
vicinity of unwholesome objects, and to minister to the 
appetites ; or hke the sense of hearing may be employed 
to furnish a succession of Impressions that arc merely 
grateful. The influence of this sense over the frame is 
very remarkable: one odour will instantly produce 
loathing, nausea, and vomiting; another, like the pleasant 
fragrance of the country on n spring morning, has a part 
in producing an exhilarating influence upon the mind. 

The organ of smell is separated into two chambers, 
by a partition, which is seldom exactly in the median 
plane of the head. This partition consists of the nasal 
processes of the ethmoid and sphenoid bones, of the 
vomer, and of the cartilago septi narium. The floor of 
each chamber or nostril is formed by the superior max- 
illary and palate bones. The outside by the superior 
maxillary bone, the palate lione, the os unguis, the os pla- 
num, the cartilago nasi lateralis, and the cartilago ala; 
nasi. The floor of the nostril is horizontal and slightly 
.hollowed, tile septum nearly vertical and plane: at the 
npper part is the narrow cribriform plate of tlie ethmoid 
bone, upon the outside of which the inferior cornu of 
the ethmoid bone, and the inferior turbinated bone fall 
like curtains, leaving a triple passage toward the pharynx. 
The frontal sinuses open through the anterior cells of 
the ethmoid boue into the middle meatus of the nostrils : 
Y 2 
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the sphenoid cells niid the antrum of Highmore open 
tlirougb the posterior cells of the ethnio'id bone into the 
superior meatus. The lacrj'mal duct opens into the 
inferior meatus. 

The thick and vascular mucous membrane which in- 
vests this extensive surface of bone and cartilage, is term- 
ed the Schneiderian membrane. Over the whole of it are 
distributed branches of the fiHh ; upon the fore part, a 
branch from the nasal portion of the first division of the 
fiflh ; upon the remaining surface, branches derived from 
die ganglion of Meckel. The distribution of the first 
nerve is more hmited. The first nerve enlarges into an 
oval bulb, containing grey matter, upon tlie lamina cri- 
brosa of the ethmoid bone, which it perforates in nume- 
rous filaments, tlial are spread over the septum narium 
and the outer surface of the upper turbinated bone only. 

The simple contact of an atmosphere laden witli odours 
is not suiUcieot to produce sensation in the nostrils. In 
order that smelling may take place, it is necessary that 
air impregnated with the odour be carried with some mo- 
mentum against thesurfaceof the Schneiderian membrane. 

The upper part of the nostril again appears to be the 
regiwi, to which the sense of smelt is limited, or at which 
it is most exquisite. The apertures of the nostrils, and 
tlie inclination of the nose are obviously adapted lo di- 
rect the stream of air in that direction. Accordingly 
when the nose has been destroyed by disease, smell is 
found lo be greatly impaired or lost. 

It is nsual and reasonable to suppose the first nerve 
to be that employed in the sense of smelling. The nos- 
trils are the only parts which distinguish odours, and 
though two nerves are distributed upon their sentient 
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surface, yet one alone has its distribution confined to this 
organ. The acute sense of touch which the nostrils en- 
joy in addition seems a sufficient use for the remaining 
nerves which ore spread upon the Schneiderian mem- 
brane : they are one and aU derived from trunks, all the 
other branches of wlilch are nerves of common feeling. 

M, Magendie has recently tried the effect of tlie se- 
parate division of tlie first and iiflh nerve in animals : 
iuid has thus more precisely pointed out, how much of 
die impression received upon the nostrils belongs to smell 
properly so called, and Jiow much to touch. It appears 
that upon the division of the first nerve the animal remains 
as sensible to the disagreeable impression of odours which 
act pungently ns before : a young dog thus mutilated 
appeared conscious of on unpleasant impression when 
ammonia, acetic acid, oil of lavender, or Dippel's oil were 
held to its nose : on the other hand afler the division of 
the fiilh, the first nerve remaining entire, an animal is not 
affected by the presence of the substances above men- 
tioned. But M. Magendie mentions, that a dog, which 
survived the division of the fifth nerves for a considerable 
period, would at times, when food was offered to it rolled 
up in paj^er, unroll the paper, and expose and eat the 
food; although at other times he appeared to want the 
power of distinguishing by smelling the presence of ob- 
jects placed near to it ". 

Pungent odours seem to offend the nose upon the same 

principle that they irritate the conjunctiva of the eye ; 

their acrid impression, without their scent, being per- 

' C^ved, when Uie influence of the 6rst nerve is artificially 
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destroyed : such at least appears to be the inference justly 
de<Iucible from the facts vrhicl) M. Magendie has added 
lo our knowledge upon tliis subject, and which leave the 
first pair of nerves In full possession of the faculty of 
smelling. 

Secfion 5. 
0/lhe Organ of Heari^. 

The physical impression upon the organ of hearing, 
which produces sensations of sound, is not the impinge- 
ment of a peculiar substance on the nerve, nor the sim- 
ple contact or pressure oFsolid or liquid substances, but 
consists in an impulse which bodies appear capable of 
transmitting in proportion as they are capable of vibra- 
ting. Continued sound is always attended with sensibi 
vibration ; the furniture in a room is observed to shake' 
as » carriage rolls by upon the pavement ; tlie finge^' 
wetted and carried round the rim of a water glass pro-' 
duces a musical note, and the rippled surface of the fluid 
as well as the sensation communicat^ to the hand shows 
that the glass is vibrating. 

The impulse, which produces sound, is transmitted 
more rapidly through solids ilian through liquids, by 
liquids than by aeriform fluids. Sound travels tlirough 
air with a velocity of 1130 feet per second, and it is cal- 
culated that it would be transmitted through water witli 
a velocity of 4900 feet, through wood with a velocity of 
12,000 feet per second. 

Sound transmitted through a fluid spreads in every 
direction like the impulse communicated to water when 
a stone is thrown into it. Hence It may be understood 
how sound, when moving through a fluid is diminished 
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in intensity [like light) in tbe ratio of the square uf the 
distance. Sound likewise admits of being reflected hke 
a wave of water : upon this principle depends its con- 
centration by means of the speaking or hearing trumpet. 
Sound is deadened by passing from one medium to 
another. Sound perishes when no material substance 
fit for its transmission is present. A bell struck in an 
exhausted receiver is scarcely audible. 

I The essential part of the organ of hearing consists of 
a series of cavities, termed the labyrinth, hollowed in the 
petrous bone, that are lined with a membrane containing 
n, liquid, in contact with which the portio mollis of the 
seventh nerve is expanded. 
The labyrinth is divided into tlie vestibule, concha, and 
semicircular canals, a particular description of which 
would be superfluous, as the specific advantages result- 
big from their shape is unknown. But it is to be re- 
marked that a provision is made for the free vibration of 
&e fluid which they contain by means of two apertures, 
the fenestra rotunda and fenestra 6vntis, that are closed 
by a membrane only. 

As long as the labyrinth is perfect, no degree of ob- 

k struction of the external passages or removal of the ex- 

Eternitl parts can pi'event hearing from taking place. In 

K total obstruction of the external passages sound may 

1 be conveyed thi'ougli the bones of the head to the 

^aditory nerve, as for instance when a tuning-fork is 

Fkeld by the leeth; and thus in deafness an accurate crite- 

1 is furnished to detertniiie wlielher the disease be 

»ted in the labyrinth or in the passages leading to it. 

] a total loss of the external parts on the other hand, 

lOund is capable of being communicated through ihc air 
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to iJie membranes and liquid of the labyrinth, if they re- 
main entire, nearly as perfectly, it should seem, as when 
tlie outer parts are complete°. 

The chambers of the ear external to the labyrinth are 
the cavity of the tympanum and the meatus auditorins 
extemus. 

The tympanum b a narrow chamber, which opens for- 
ward into the posterior fauces through the Eustachian tube^ 
and is continued backwards into the cells of the mastoid 
process of the temporal bone. The membranes of the 
fenestra ovalis and fenestra rotunda prevent commonly 
cation between the cavities of the tympanum and of the 
labyrinth. The membrana tympani on tlie opposite side 
is interposed between the tympanum and the meatus 
auditoriiis extemus. A chain of bones, the malleus, the 
incus, the os orbiculare, and the stapes, extend &(Bn the 
membrana tympani to the membrana fenestrse ovalis; 
and four httle muscles, the tensor tympani, the laxator 
tympani, tlie externus mallei, and the stapedius, by draw- 
ing upon the ossicula auditus, give greater or less tension 
to the membranes, which those bones unite. 

The membrana tympani is very vascular, but presents 
a dry shining cuticular surface. It appears to contain 
6bres that converge towards its centre ; which part is 
drawn inwards, and has attached to it the handle of the 
malleus. It is worthy of remark that the ossicula with 
their muscles are situated, to the inside of the uj^kt- half 
of the membrana tympani, or are placed at Uie upper i 



" It is to be obeerred tbat the states u so itrictlj tq>plied to the 
meinbrana fenestrs ovalis, that the Iogs of this bone necessarily pro- 
iliiccs incurable deafncEs by injuring the Inbyrinlb. 
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part of the cavity of the tympanum : the practical appli- 
cation of this fact is the following. 

One sort of deaihess to sounds transmitted in the conir 
mon way results from an obstruction of tlie Eustachian 
tube : when this happens tlirough any cause, ilie air con- 
I fined in the cavity of the tympanum cannot vibrate, and 
Ptberefore cannot transmit sound. An obstruction of tlie 
\ Eustachian tube is supposed to exist, when tliose sounds 
alone are heard, that are transmitted through the bones 
of tiiehead, at the same time that the meatus auditorius 
extemus appears perfectly free, and that the patient is 
Bnable to inflate the tympanum by impelling air into it 
from the fauces. As long as the Eustachian tube remains 
obstructed, and the membrana tympani perfect, the vi- 
brations of sound are in vain transmitted along the outer 
passage: the ossiculaauditus form an insufficient medium 
I oT communication between the membrana tympani and the 
lembranes of the labyrinth : and hearing is only restored 
r by the operation of perforating the membrana tympani. 
The meatus auditorius extemus wth the addition of 
the cartilaginous part is an inch in length : it is curved 
in every sense like an italic^ its general direction is ho- 
rizontally outwards and backwards. This canal is fenced 
with short strong hairs, and its surbce secretes a pecn- 
liar substance termed cerumen, which is of an orange 
yellow colour and bitter taste, consisting of albumen, an 
inspissated oil, colouring matter, soda, and phosphate of 
limeP. The cerumen is liable to collect in tliick in- 
spissated masses, sufficient to obstruct the passage of 
sound along the meatus auditorius extemus. 

The external ear is formed of an expansion of the 
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(^artUsge, wliJcli foims tlie outer half of the external 
meatus : its several fol<Is and margins are distinguished 
\iy separate names: the helix is the outer folded edge; 
the antjhelix is the fold parallel to the former: the deep 
hollow below and before the antihelix is cnlled the con- 
clittt the anterior edge of which is formed by the fold 
termed the tragus, the posterior edge by the antitrsgos. 
The nttollens, the rctrahcntes, and the anterior auris are 
muscles which carry the outward car in the directions, 
which their names specify. The helicis major and 
minor, the tragicus and antltragicus, and the trans- 
versus auris, are thin muscular slips, which extend from 
one point to another of the external ear, and are cal- 
culated to expand the diflerent hollows and fossuls 
into which the surface of the ear is thrown. Among 
savage tribes the outward ear is prominent, and move- 
able like the ears of animals ; their hearing is more acute 
than that of civilized nations, and it is probable that the 
motions of the external ear assist them In discriminating 
the direction and nature of different sounds. 

The portio mollis of llie seventh nerve we mny infad 
from its distribution to be the nerve of hearing. TbeJ 
portio dura of the se^'enth traverses a canal in the tem- 
poral bone : it is joined in its course by a branch from 
the second division of the fifth nerve, and from the united 
trunk tilnmcnts are given to the muscles within the tyva- 
(xinum. But the portio dura is a nerve of voluntary 
motion, and the second division of the fifth is a sentient 
nerve i thus the circuitous route of the portio dura and 
its junction with the Vidian nerve are explained. The 
dWisionof the trunk of the fifth nerve in cats within the 
cranial cavity does not seemingly affect the acuteness of 
hearing on ilie same side. 



CHAPTER XIII. 
OF THE HUMAN VOICE. 



In order to elucidate the origin of vocal sounds it is 
necessary to go back again to tlie nature of sound in ge- 
neral, to consider its principal mo<1 id cations, and the dif- 
ferent methods by wliicli it is produced. 

A single impulse communicated to au elastic body, 
produces a noise; a succession of impulses, followingench 
, other too rapidly to be separately distinguished, pro- 
I duces a continued sound; and if they are equal among 
■themselves in duration, they prothice a musical or equa- 
ble sound. Thus a quill striking against a piece of wood 
causes a noise j but striking against the teeth of a wlieijl 
or of a comb, a continued sound ; mid if the teeth of s 
wheel are at &i\\e.\ distances, and the yelocity of the mo- 
tion is constant, a musicol note*. 

In the greater number of musical instruments sound 

is proiiuced by throwing into vibration either a tense 

chord, or a column of air; and the tone or note pro- 

I duced is found to be raised when the chord or the co- 

llamn of au- is rendered shorter, and de^ened, when the 

I reverse happens. 

The organ, in which the tones of the human voice are 
I formed, may be compared to the flute or more appro- 
ftp-iately to the clarinette and similar instruments; it 
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consists of a mouth>p!ece, the aperture of which is ca- 
pable of being expanded or dilated, and of a tube which 
admits of being lengthened and shortened. 

This organ is termed the larynx ; the tube, wbidi 
composes it, is placed upon the upper part of the tradiea, 
so that as the mr issues during expiration, it may cause 
the edges of the aperture through which it re-enters the 
larynx to vibrate. 

If tlie upper part of the trachea be divided, oa look- 
ing into the larynx from below, the tube from being 
cylindrical \s se^i to assume abruptly a triangnlar form. 
The two long sides of this triangle extend horizontally 
inwards and forwards to meet at the front of the larynx* 
The base of the triangular opening is short, and has a 
transverse direction. The opening is termed the rima 
glottidis. The two long edges which meet at the fure 
part are termed the chordce vocales. 

When we look into the larynx from above, we notioi 
the epiglottis, a thin flap of iibrous cartilage, held v 
tically by its elastic connexions against the root of the 
tongue, but capable of being thrown down to cover the 
opening of the glottis ; the lips of the glottis, or the re- 
flexion of tlie mucous membrane from the edges of the 
epiglottis to the posterior margin of the larynx; and the 
ventriculus laryngis, as the shallow fossa is termed, 
situated immediately above and to the outside of the 
chordiE vocales, which allows these parts to vibrate ixeely. 

If an incision be made in a living dog inunediately 
below the comu of the os hyoi'des, so as to expose the 
cavity of the larynx, the following phenomena are ob- 
servable. 

At each expnation, tlie rima glottidis is nai 
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and the chordoe vocales are brought nearer to each other, 
so aa to come in contact for [lart of their length. 

When the animal cries, tlie chordie vocales appear to 
vibrate. 

When the tone uttered is grave, the chordse vocales 
seem to vibrate for their whole length, ami the rimn 
glottidis is proportionately larger. 

When the animal utters a shrill cry, the rima glot- 
tidis is observed to become much narrower ; and the 
chordiE vocales being in contact at their fore part, a 
portion only of each appears to vibrate. 

The rima glottidis is the mouth-piece of tlie larynx, 
and corresponds with the reed in the clarinette, or with 
the lips of one playing upon the fiute; — if indeed either 
of these comparisons be strictly just. 

In pursuing the same slmiUtude we look for a con- 
trivance analogous to the stops in the flute or clarinette, 
by means of which the tube may be shortened or length- 
ened ; and we find the efiect we anticipate produced by 
the alternate rising and foiling of the larynx. When 
the larynx is raised the vocal tube is shortened, when it 
is depressed the vocal tube is lengthened. Accordingly, 
when we utter an acute note, the larynx suddenly rises; 
and sinks, when the voice falls to a grave tone. 

In either of the three cases, the flute, the clarinette, 
the larynx, the force with whicli the air is impelled into 
the instrument consists in the action of the muscles of 
the chest, that are employed in expiration. But as in 
playing upon wind instruments, the force of the air may 
be increased by the action of the muscles of the cheeks, 
which straighten the chamiel through which the air 
passes, so possibly in modifying tlie tones of tlie human 
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voice, a similar effect may be produced by the contrac- 
tion of the IraiisverEe muscular fibres of the trachea. 

The use of the epiglottis according to Magendie i&to 
perfect the larynx ns n musical instrumenL It seems 
that in tlie clarinelte a note swelled beyond a cerlaiu de- 
gree of loudness is tiul>le to break into a higher note; 
now M. Grenie discovered that by placing a tongue of 
elastic substance to break tlie current of air, this imper- 
fection is remedie<l. But the epiglottis is just 9uch< a 
conlrivance in the vocal organ ; the use of wbidi was 
unknown, till accident thus discovered it. 

We have now lo raise the curtain, nnd to examine i| 
the mechanism by which the changes are produced, ut-J 
the place of the larynx and in the size of the rima glot- 
tidis, which have been described. 

The same muscles, that are employed to raise the pfaa- 
i-ynx in d^'gUitition, are used to elevate the larynx in 
modifying the tone of the voice. Tiiis nctioa for either 
purpose is primarily instinctive; afterwards we repent at 
pleasure an eflbrt, which we recollect was atteodedTi 
a result which pleased us. 

Other smaller muscles, which extend from \ 
point of the cartilages of the larynx, alter the din 
of the rima glottidis. 

The principal piece in the structure of the larynx is 
the cricoid cartilage, a thick ring rising behind to the 
height of an inch: it is received between dte two flat 
plates of which the thyreoid cartilage consists : and upon 
its raised posterior margin, two little pyramids of fibrous 
cartilage, calletl the arytenoid cartibges, are loosely ar- 
ticulated so as to move freely. 

The edge of the chorda; vocale? 




s appcnn formed of ^^^H 
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peculiar elastic substance, extending from the front of 
each arytenoid cartilage to the thyreoid, so that any 
movement given to the former immediately affecLs the 
dimensions of the rima glottidis. 

Muscles termed crico-aryttenoidei postici and late- 
rales extend Jrom the back and outer part of the cricoid 
cartilage to the aryta;noid of each side, and in their 
action draw the two apart from each other, and enlarge 
the rima glottidis. 

Another broad bnt thin muscle termed the thyreo- 
arytEcnoideus extends from the aryteenoid cartilage to 
the thyreoid. This muscle is parallel to the chorda 
vocalis of the same side, and enters into its composition. 

The three precetllng muscles are supplied by the re- 
current nerve, a branch of the nervua vagus: upon its 
division animals lose their voice. 

It is easy to account for this phenomenon by reference 
to the anatomical facts, which have been mentioned: 
when the muscles, which the recurrent nerve supplies, 
Qct together, the chordee vocales are tlirown into a state 
of tension; if the crico-arytienoidei are stimulated to 
contract more forcibly than the thyreo-arytasnoidei, the 
aperture of the rima ^ottidis is capacious and Btted for 
the production of grave notes: if the thyreo-arytaenoi'dei 
on the other hand act the mu9t forcibly, the chordfe vo- 
cales must be drawn near to each other, and coming into 
contact at their fore part through the sweUing of the 
shortening muscles which enter into their composition, 
are at liberty to vibrate in part only of their length. 

Another set of small muscles is found at the uitper 
lart of the iarynx ; the aryloeuoideus Iransversiis and 
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ihe arytienoiilei oblit]ui extend across from one aryts- 
Do'td cartilage to another, and in their actioD draw these 
parts together, and entirely close the aperture of the 
glottis; these muscles, with the mucous tnembran^ 
which invests them and clothes the adjoimng suriace of 
the larynx, ore supplied by j^eparate branches of the 
nervus vagus, termed the superior laryngeal nerves: and 
though it is probable that their action in some degree 
Influences the voice, yet they are principally concerned 
in otber functions of the larynx, which have been al- 
ready alluded to and may on the present occasion ^Ht — 
fully explained. 

The Urynx b the guard of the respiratory a 
dunng di^lutition : when the food passes over its apers' 
ture, the muscles la^t described iustinctivdy close it 
When the nerve which supplies them is divided on both 
sides, deglutition can no longer take place perfectly, but 
each attempt at swallowing is attended widi the entrance 
of some of the food into the trachea, which is imme- 
diately expelled by violent coughing, thesuddea action of 
the expiratory muscles, which drives out the ofiendinj^ 
substance before the torrent of air, that is expelled. 

The larynx again is intended to prevent the entrance 
of noxious substances into tlie lungs: for this purpose 
the raucous surface of the larynx is endowed with acute 
sensibility, and the instinctive operation of its muscles 
is so prompt tuid powerful as to oppose successMly 
every effort at inspiration, when an animal is immersed 
in fluids, the inhalation of which would be prejudicial: 
when an animal is placed In a vessel containing carbonic 
acid, its attempts to inspire arc useless. 
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A frequent kind of disorder in paits thus endowed is 
I increased susceptibility of the sentient surlace, and 
btendency to spasmodic action in th« adjacent muscles, 
[ srhich usually act from impressions received ujion it. 
[ Qlius in the urethra, a morbidly sensible state of a part 
I of the mucous membrane produces spasmodic stric- 
1 Inre, or a continued contraction of the surrounding fibres 
of the accelerator urinse. In the present instance the 
consequences are more fatal, in proportion as the func- 
tion impaired is more immediately important to hfe. 
An ulcer within the larynx is not a very uncommon oc- 
currence : when this complaint exists, the whole surface 
of the larynx occasionally becomes acutely sensible; the 
air passing over it is now an irritant, the fibres which 
close tile opening of the larynx forcibly contract, the pa^ 
tientcannotdrawhisbreath,and is threatened with instant 
suiTbcation. In hydrophobia again the portentous sym- 
ptom, whence the name of the disease is derived, springs 
irom a like cause. The surface of the larynx is prteter- 
naturally sensible (or is the principal seat of that morbid 
sensibility which is shared by every sentient organ in 
this disease) ; the passage of food, of liquid especially, 
the contact of which is more perfect than that of solid 
food, excites a spasm which threatens suffocation; and 
even if swallowing be not attempted, a paroxysm threat- 
' ening suiTocation takes place at intervals, either from the 
mere contact of the air passing over the sensible surface 
of the larynx, or in consequence of some sudden im- 
pression being made on another organ. The nature of 
the phenomenon last mentioned, the spasm namely of 
the glottis brought on in hydrophobia by any sudden 
impression, perhaps admits of being illustrated by a ch- 
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curastancc of which every one must have had experience. 
In plunging the Teet into w&tcr at a low temperature, the 
<]isagreeable impression of cnldness, which ensues, is at- 
tended with a painftil sense of constrictioQ at the glottis. 
The same physical connexion seems to operate in the 
two Lnstnnces. 

It deserves to be remarlted, that whenever suiFocalJon 
is threatened by a spasm upon the glottis, that particular 
symptom admits of relief by opening the windpipe; but 
no doubt in many instances, and hydrophobia is probably 
one of them, the disease would prove not the less rapidly 
fatal, were the sjiasm upon the larynx thus alleviated. 

We may wonder that muscular lasciculi so slight as 
the arytffinoidei obliqui and {he transversus, however 
advantageously placed, should be capable of counteract- 
ing the efforts of the diaphragm and other muscles of is<- 
spiration. But theynre found to be no less efficient ^^nst 
the muscles of expiration. According to the experiments 
of Mr. Bourdon, an animal cannot leap or swim or evKi 
vomit easUy, if it be made to breathe through a tube intro- 
duced into the trachea. In the muscular fibres, which 
close the larynx, Niiture has provided the means of ren- 
dering the parts of the thorax immoveable, so that the ac- 
tion of muscles which arise fi-om the ribs may be made to 
tell at pleasure upon their opposite attachments alone. 

To return from this digression to the subject of the ■ 
human voice : — We have now seen in what manner its* 
tones are pro<luced: their loudness results from the 
force with which the air is expelled from the chest. 
The intensitj- of sound depends upon the extent of the 
vibrations of the chord which produces it. The «r is- 
suing from the lungs with gieater force than usual tbrows 
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the chordae voctJes into broader vibrations. Thus pei- 
Bons in vigorous health speak in a firm steady voice, 
wliereits in tlie wenkuess that ilhiess produces, the tones 
are scarcely raised above a whisper. 

Tlie (liHerence in the tones of the voice in the two 
aexcs, and in the male sex before and after puberty, re- 
sults from a difference in the size of the vocal organ. At 
fte age of puberty in the latter instance the larynx greatly 
enlarges, and the lengthened chordse vocales become ca- 
pable of producing the deep tones of majihood. 

We seek in vjun in the structure and natural endow- 
ments of the vocal organs for the cuuse of the limitation 
ofspeechtohuman beings. All that nature instinctively 
leads us to utter appear to be some vague and wild cdesi 
with scarcely mpre compass and variety than UuDse of 
animals ; they are characteristic of sti-ong emotion, and 
when heard seem, independently of association, toaflect 
us powerfully witli synipathctic leeliogs. 

But with organs naturally Bexible, and with a ten- 
dency to express by signs what is {lossing in las mind) 
it is not surprising that language should have been one 
of the earliest inventions of man. Instinct would liave 
led our firet parents to the use of their vocal organs ; 
and curiosity and the tendency to imitate would have 
soon developed their compass. Wheo we fancifully eii- 
jnceivc the origin of language, we may 
ilausibly suppose that the earliest words employed weie 
sounds denoting different seasiblc objects in naUire. 
Accordingly in Genesis we find it narrated that tlie 
animals presented themselves before Adam, and wet's 
by him. It is easy to imagine that as fast as 
ight improved, the rude langu.ige which expressed 
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it would become extended Hkewise. Upon this pri»- 
ciple tlie language of a nsUon becomes a certain evi- 
dence of the intellectua] refinement, which it has at one 
lime or anodier atttuned. 

Language is probably the only inTention which hoe 
been perfected by use, without reference to scientific 
principles. Pbilosoptty has been employed in this in- 
stance (as upon the works of nature), in enucleating 
only the common principles, and in tracing the analogic^ 
which pervade its structure. But physiology has no- 
thing to do with the philosophy of language ; or its 
connexion with this subject is limited to the illustration 
of the means, by which articulate speech is produced, or 
by which vocal sounds are framed into syllables. As 
sound passes through the fauces it takes a character from 
the shape into which tliey are temporarily thrown : each 
letter or elementary sound has its special mode of arti- 
culation. But though it might seem trifling to describe 
the precise manner in which each letter is formed, let 
me remark nevertheless that this subject is not entirely 
deroid of a practical application. Some persons are un- 
able to pronounce particular letters : in most cases this 
happens from not knowing how to set about it; for if 
those who labour under such a deficiency are told ex- 
actly by what motion of tlie parts the letter is to 
sounded, they often readily master the difHculty, whi< 
before seemed insuperable. 

To close this subject with a paradox, let me observe 
that notwithstanding what has been said of the parts 
concerned in speech, human beings are capable of arti- 
culating without a note being formed in the larynx, ani 
even without any apparent movement of the lips or 
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the jaws. The first case happens when we whisper ; no 
tone is then formed in the larynx ; and what we articu- 
late is but the rustling sound produced by the air passing 
over its relaxed and unstrung surface. The second case 
constitutes ventriloquism. 

A ventriloquist is a person of very flexible vocal or- 
gans, who is able to articulate most sounds by changes 
produced in the form of the posterior fauces, and who 
has readiness enough to avoid in the display of his art 
those letters, which absolutely require the motion of the 
lips, and sufficient fineness of ear to modulate his tones 
to that character which they would take in the situation 
firom which they appear to proceed. 
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CHAPTER XtV. 

ON THE ATTITUDES AND MOVEMENTS OP MAN. 

Ill explaining the functions of the b^rt And liiiig«i». the 
diaposition of the Ixmes of tb^, chest wfu described^ and 
on the same occasion uid oq others, I have bad to ad- 
vert to the action of different classes of vobintary mus* 
des. We have now to consider the ^itire frame of the 
skeleton in reference to the postures and movements of 
the body, and the action of the voluntary muscles of the 
trunk and limbs. Let us begin with an examination of 
the structure and chemical composition of bone. 

Upon making sections of a dry bone, we find it com- 
posed of two parts ; externally, of a compact crust of 
greater or less thickness, and internally, of a series of 
delicate plates and processes that intercept innumerable 
small cells or cancelli, which freely communicate. 

The bones of the skeleton affect three principal forms; 
each of which has some peculiarity in its structure 
adapted to the object upon which it is employed. 

The flat bones are those which belong to the great 
visceral cavities, the cranium, the chest, the pelvis. In 
these bones the outer crust is thin, and forms what are 
germed tables, the outer and the inner : the interposed 
cancellated structure is termed the diploe. The two 
tables of the flat bones are for the most part parallel. 
In the skull the inner table is of a closer grain and of 
greater density than the outer. The external surface of 
flat bones is generally convex, a circumstance which 
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contributes with the alternating compactness and porous- 
ness of their texture to protect the parts within against 
any kind of injury. 

The round or cuboid bones are small irregular cubes 
or portions of cylinders, one series of which forms the 
vertebral column, another the wrist, and a third the 
instep : their crust is yet thinner than that of the flat 
bones; their internal structure varies in different in- 
stances: the cancelli are finein the vertebne; coarse in 
the tarsal and carpal bones. The texture of cuboid 
bones is therefore any tiling but brittle, and is well cal- 
culated to deaden the force of jars and concussions of 
all sorts. To promote tlie latter object, the cuboid bones 
are found not separate but in groups, so that the elas- 
ticity, resulting from many joints and intervening layers 
of cartilage, gives additional effect to their structure. 
Anotlier advantage results from forming the parts de- 
scribed of many bones; a considerable latitude of mo- 
tion may thus exist in the entire part, and at the same 
lime no single joint have play enough to risk its security. 

The long or cylindrical bones are employe<I as levers 
upCHi which the muscles act in supporting and impelling 
the body. The extremities of a cylindrical bone, where 
it is articulated to those adjoining, as they have the of- 
fice, so likewise have they the structure oi' the cuboid 
bones, a thin outer crust, and strong cancelli : they like- 
wise generally assume a considerable breadth, which in- 
creases the strength of the joints. 

But the intermediate part or shaft of a long bone is 
contrived differently ; its crust is of great thickness, from 
^ to I of an inch ; while the plates belonging to its cancelli 
are remarkably fine and delicate. The bonymatter, spread 
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out in thin and separate plates in the extremities, seems 
collected in the shaft to form a compact cylinder, in 
order that the leverwhich it represents may not be 6exible; 
and the cylinder is hollow, to give the greatest strength 
to a determinate weight of bony substance. 

ir a. bone be calcined, the earth which remains has 
the Bame form and structure as before; but it is rendered 
brittle, and falls in pieces almost from its own weighL 
If a bone be steeped in add, it retains its form and struc- 
ture, but becomes perfectly flexible. 

The following table exhibits the comiKisition of cal- 
cined human bones according to the analysis of Berzelius. 

Phosphate of lime 81.9 

Fluate of lime 3.0 

Lime 10.0 

Phosphate of magnesia .... 1,1 

Soda 2.0 

Carbonic acid ■ . 2.0 

100.0 

Recent bones are covered with a membrane termed 
their external periosteum, which is easily detached from 
their surface; it is thin, except where tendons or liga- 
ments are inserted. All the caviues in a bone again are 
lined with a fine membrane termed the internal perios- 
teum ; from its surface is secreted the marrow or animal 
oil which fills the cancelli. Upon examining the bones 
ill a favourable subject minutely injected with size and 
vermilion, blood-vessels may be traced through their 
entire substance. Neither lymphatics nor nerves have 
been followed into bonej but absorption evidently takes " 

place during the growth of bone, and if a young animal ^^H 
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be fed with madder, in six weeks time red earthy matter 

seems substituted in the place of white earth in all its 

. bones. During health bones do not appear sensible to any 

stimulus : during disease they exhibit acute sensibility. 

The modes, in wliich the bones of the skeleton are 
joined together, are very various ; in some instances no 
motion is allowed between adjoining bones, and they 
seem to have been left disunited with the object only of 
diminishing tlie effect of concussion. The bones of the 
head are thus disunited or united through the interven- 
tion of membranous substance only. In parts of the 
cranium where strength is required, the bones are dove- 
tailed together, and the joint is called a suture: in other 
instances the bones meet at an even line, which is tei'med 
union by harraonia, or if a process of one bone is re- 
ceived into a corresponding cavity in another, the junc- 
ture is termed schindylesis, or gomphosis. 

In other instances, where no motion is intended to take 
place, but where a part has often to resist considerable 
violence, a portion of white elastic substance termed 
fibrous cartilage is interposed between two bones, with 
the extremities of either of which it is continuous; in 
this manner the ossa innominata and sacrum are joined 
together. As a variety in this sort of articulation we 
may remark that the true ribs are joined to the sternum 
by portions of fibrous cartUage, which are received into 
sockets at the side of the breast-bone, but are not coo- 
tinuous with it, if we except the first ; a layer of mem- 
brane is interposed between the cartilages of the other 
ribs and the breast-bone, so as to allow of the requisite 
motion at the sterno>costal joints during the dilatation 
of the chest. 
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In the kind of Joint lost described another subatance 
called ft liganieat is generally found in nddition. Li- 
gaments are wliile silvery bands composed of very delicate 
fibres, that, where tliey are flexible, have but little elas- 
ticity except in a few instances ; they are composed nearly 
wholly of gelatin ; they have little sensibility to 
stimuli, but when stretched feel acute pain. 

The junction of the bodies of the vertebrae deserves 
be particularly described. In &sh, in which the spine is 
very flexible, the articular surfaces of the bodies of the 
vertebrie are so excavated, that when two meet they in- 
close a cavity tlie shape of which may be called sphe- 
rical : this cavity is filled with fluid, which we will sup- 
pose to be incompressible, and the margins of tlie two 
vertebras are joined together by the intervention of liga- 
mentous substance, which is highly elastic ; thus a double 
ball and socket joint exists between every two vertebra^ 
each of which is capable of rolling in Gvery sense upoi 
the ball of liquid contained between the twa 
human spine the same type is followed, but with a pro- 
vision for much less latitude of motion; the excavation 
is shallow, the central substance semifluid, and the sur- 
rounding fibrous cartilage is confined by ligamentous 
bands of less elastic substance. 

In the more elaborate joints two other elements are 
met witli. The articular extremities of the bones are 
tipped with cartilage, and a fine membrane is reflected 
uver its surface and over that of the capsular ligament 
by which the bones are joined together. Membranes of 
this description in many respects resemble serous mem- 
branes : they form shut sacs of the finest texture, and 
can be separated though not without dlificulty from the 
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lignments and (leriosteum, which they cover: but they 
scarcely admit of being detached from the snrface of 
cnrtilnges. I have one preparation, however, in which 
I accidentally succeeded in raising an uniform membrane 
from the cartilage covering the head of tlie humerus. 
Membranes of this description lake their name from the 
viscid fluid called sinovia, which they secrete, and which 
lubricates the internal surfaces of joints. 

{From an analysis by M. Margiieron it appears that 
inovia is composed of the following ingredients : 
Fibrous matter 11.86 
Albumen 4.52 
Muriate of soda 1.75 
Soda 0.71 
Phosphate of lime 0.70 
Water 80.'16 
lOO.OO 

Joints which combine these various elements are di^ 
tingnished into different classes according to the form 
which they affect, and the kind of motion, of which they 
allow. 

A ball and socket joint, or enarthrosis, like the hip, 
gives great security, and at the same time permits very 
extensive motion. 

A joint, in which sur&ces nearly plane are opposed to 
each other, is termed an arthrodia; the motion allowed 
in such a case is very limited, but takes place in a de- 
gree in every sense. 
I • A joint which allows of motion in one plane only is 

med a ginglymus or hinge joint. Of'this joint there are 
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two kinds; in oae the motion Is angnlar, as in the imee, 
or rotatory as between the atlas and dentata. 

Sucli are the materials of the skeleton, and the dif- 
ferent modes in which they are joined together to forv J 
one frame. ^M 

When we seek in the skeleton for illustrations of that 
analogical design, which is evident not merely in entire 
classes but in single objects of nature's workmanship, w« 
remark that the head is not a jiarl which corresponds 
with any subdivision of the frame, but rather seems 
an epitome of all the rest. Thus the embrj-o when 
first seen consists of two coherent nodules 'not difler- 
Ing materially in volume even, one of which becomes 
the head, while the other spreads into the trunk and 
limbs. 

When we compare together the several regions of the 
trunk, we observe that it is laid out in corresponding 
organs on either side of a centre, which consists of the 
five lumbar vertebras. Above the lumbar vertebne are 
the dorsal vertebne, above these tlie cervical ; below the 
lumbar vertebrae are the sacral bones, below- these the 
coccygeal. To the dorsal vertebrae and to the sacrum 
bones are articulated, which have the double office of 
forming a visceral cavity, and of throwing to a convenient 
distance from the median plane the bones of the extre- 
mities. The ribs and sternum, the clavicle and scapula 
form with the dorsal vertebrae an organ strictly analo- 
gous to that formed by the ossa innominata and the sa- 
crum. But the chest for the liinction of respiration re- 
quires to be continually altering its dimensions, and the 
upper extremity is characterized by the extent and ve- 
locity rather than by the strength of its motions : to suit 
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both these objects, the chest and shoulder are formed of 
many bones, that are moTeable In various senses ; the 
ribs are capable of rotating upon their sternal and ver- 
tebral joints, and of being raised or depressed upon their 
vertebral joints carrying with them the sternum; the 
clavicle again revolves upon the sternum, and the sca- 
pula rolls upon the convexity formed by the angles and 
shatls of the ribs. On the otlier hand the pelvis, as re- 
gards the viscera, is intended merely for their support, 
or if during labour a temporary enlargement of its lower 
aperture be requisite, the flexibility of the joints of the os 
coccygis in the female skeleton seems a, sufficient provi- 
sion for tliis object : tlie inferior extremities again require 
to be articulated to a solid unyielding platform, upon 
which they may poise the incumbent weight of the trunk 
and head. The bones of the pelvis are for these reasons, 
few, weighty, massive, and knit together immoveably. 
I Thus accurately do the points, !n which a resemblance 
' is wanting between the chest and pelvis, preserve the 
analogy between these parts. 

It is needless to dilate upon the corresfiondence of the 
femur with tlie humerus, of the tibia, patella and fibula 
with the radius and ulna, of the tarsus with the carpus, 
' of the bones of the foot with those of the hand. As 
mobility is the prevailing character of the npper ex- 
tremity, the radius plays upon the ulna, the bones of the 
wrist are so disposed as to form three ball and socket 
joints, and the metacarpal bone of the thumb moves 
freely on a hinge joint As stability is the leading clia- 
racter in the lower extremity, the knee moves in one 
plane only, the fibula has no motion upon the tibia, the 
joints of the tarsus do no more tlian yield sufficiently to 
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brei^ the Ibrce with which the frame ulighls upon the 
ground, and neither of the nietacarpiU bones move on 
their carp&i joints. 

It would appear fanciful to enlarge upon the points of 
correspondence between the head and trunk. As the 
vertebral canal contains (iie spinal chord, the cranial 
cavity contains the cerebrum aud cerebeUuni; as the 
main parts of die respiratory orgoos are contained in Uie 
upper cavity of the trunk, and the <hgcstive viscera ore 
supported by the lower, the nostrils are the cavities Mr 
tacHed to the fore and upper part of the cranium, &D(1 
the fences are attaciied to the lower part. If the chest 
snpports the organs of prehension, the pelvis those of 
pursuit, the orbits, the nostrils, the cavities of the 
temporal bone have points in common with die formes', 
and the fauces, which contain the tongue, have a tOTial 
analogy with the latter. 

If we look to the physical strength of the skeleton, wi 
may begin by enumerating the globular form of die skul 
and the security itderives from the sphenoid and temporal 
lH>nes; but to pursue this theme would lead me to repeat 
remarks whidi have already been made, or would antid- 
jiate what belongs to the next head. Let me rather observe, 
that we axe not to seek for indefinite strength and powers 
of resistance in the frame, but to admire the degree of 
security given to such &dl materials, the equal strenglJl 
of the whole, and the exact proportion of the means of 
defence in each part to the risks to which it is exposed. 

When we look at the skeleton as designed for beings 
distinguished by the erect posture and erect progression, 
we notice the head so placed as to be poised ujion Uie veF> 
lebrnl column, — die lower cervical vertebrse 
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tliose processes, which in quadrupeds give attachment to 
a ligamentum nuchae adequate to support a pendent 
head, — the vertebral column becoming broader towards 
its base, — the spinal column resting upon an elastic hoop 
disposed in a plane nearly vertical — the centie of gravity 
&lling in the right line which joins the two acetabula, so 
that the body may be swayed with security in any direction 
upon the ossa femoris,— the margin of either acetabulum 
thickest and deepest at its upper and back part, — and 
the foot fonning an elastic arch upon which ihe fiauie 
securely rests. 

The structure of the muscular substance employed in 
supporting and moving the frame has been already de- 
scribed. The muscles of the trunk and limbs have at least 
two attachments to bone, one of which is called their ori- 
gin, the other their insertion. The former term is usually 
, applied to that attachment which is nearest the centre of 
rthe body, or which under ordinary circumstances is t^e 
1 fixed ]M)int during the action of the muscle. By its origin 
and insertion a muscle adheres to two separate bones, 
which either are articulated together or have a third bone 
or even sevei'al interposed. In the latter case a single 
muscle is lulapted to bend or extend several joints. 

Muscular fibres in some instances adhere directly to 
the periosteum of a bone, in others are united to it by 
an intermediate chord of the same texture witli a liga- 
ment, in this case termed a tendon or sinew. Every 
muscle of the class under consideration has a. tendon at 
one extremity; and comuionly at both, tendinous fibres 
are wrought up in its texture. 

Some have illustrated the connexion between a mus- 
Ecle iQid a tendon in the ibllowing manner. Each fasci- 
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cuius of a muscle, as has been already remarked, hasi^ I 
sheath of membrane ; we liave but to suppose,-this sheatk I 
prolonged beyoud the termination of the fibre, as a coi^ I 
pactthread, and we haveatendon produced. Onthissu|to I 
position, the definite proportion between the strength ou I 
muscle and its tendon would be essentially provided ft* fl 
by an union of threads tn the texture ofthe latter equal in I 
number and coarseness to the fescicuU of the muscle. * I 

The various uses, which tendons serve, require an el^l 
borate explanation. j^« 

The strength of a muscular fibre does not alter wiut 1 
its length. A long and a short chord of the same texture I 
and thickness require an equal force to tear tliem asui^ 1 
der. The strength of a chord is that of its weakest point I 
It must be the same with a muscular fibre. We may sup- I 
|>use the contraction of a muscular fibre efficient at 3n7l 
degree below the maximum force of its weakest partj^ 
but if the resistance opposed to it exceed the force of th^-J 
latter, it is obvious that the extension or rnjitiire of thej 
fibre at that part will neutralize the force of the reat^ 
All that the remaining parts of a muscular fibre Can do^l 
is by exerting an equal force with the weakest to preven^j 
the waste of any of its effect. ' ^J 

But the extent, to which a muscle can shorten, depen^^l 
upon the length of its fibres. It is ascertained that ^J 
muscular fibre is capable of contracting to a llmile^| 
d^ree only : when a limb has been broken, and througl^ 
ill management has become materially shortened, its mus^-^ 
cles are for a time rendered useless, although they sub^J 
sequentjy accommodate themselves to the altered lengtK^ 
of the limb. Let us assume then that a muscular fibre 
in action can only diminish its length by one-third : it 
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flbllowa, that a muscular fibre of three inches in length 
I irould in its utmost contraction bring its points of attach- 
I Bient an inch nearer than before, whereas a muscular 
I fibre a foot in length would be capable of reducing the 
I distance between its pointii of attachment four inches. 

Now let us suppose, that the (listniice between the ori- 

ij^ii and insei'tion of a muscle be one foot, but that the 

^essities of the frame never require that its attachments 

Kdould be brought nearer than eleven inches. It is obvious 

1 such a case three-fourths of the muscular fibre 

I would be useless, and that their place might as well be sup- 

I ^ed by an inextensible substance.' In the wise economy 

I af Nature this circumstance has not been overlooked : in 

Bses similar to that supposed, as in the instance of seve- 

b1 of tlie muscles which move the wrist, tendon is used 

1 the place of an unnecessary length of mascular fibre. 

Kind a considerable expense of muscular power is saved. 

In the preceding instance a provision is made for sym- 

ftnetry. The graceful outline of tlie leg and ancle is pro- 

■ dHced in a similar manner; the volume of the limb being 

I ffiminished at the lower part by the substitution of ten- 

idon for muscular substance. Upon other occasions the 

lAame object is attained by a different contrivance. The 

e]^, to continue the hist illustration, would certainly lose 

S symmetry, if it had a calf on the fore part; or iu other 

I words if the muscles, which bend the ancle joint, formed 

I » short thick mass of flesh below the knee, with tendons 

■t^iering to tlie instep. Instead of this arrangement, 

■the short flbres, which belong to tlie esteusors of the 

■'toes, rise from the whole length of the tibia and fibula ; 

and each muscle has a long tendon beginning at its upper 

part, to which its fibres are inserted in succession, so as 
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lo produce a resemblance to the feathered part and stem 
of a quill : muscles of this appearance are bence termed 
peonated muscles. Sometimes it happens that the sym- 
metry of a liml) is best consulted by interposing the mus- 
cular substance between two tendons : the rectus femo- 
ris thus has a long tendinous origin as well as a tendinous 
insertion. In this and similar cases a second advantage 
is gained: a tendinous attachment occupies a much 
smaller surface of bone than a muscular attachment 

The attachment of a muscle to bone is fleshy instead 
of tendinous, cither when synunetry is gained by this 
disposition of parts, or when it is requisite that different 
fiiscicuU of the same muscle should draw in diETerent di- 
rections. 

In the rectus femons, tlie semimembranosus, and other 
muscles, in which a mass of muscular substance is inter- 
posed between two tendons, each tendon forms near its 
attachment a strong thick chord, but spreads out, and ter- 
minates as a membrane, towards the belly of the muscle. 
It is to be remarked that in these instances the two mem- 
branous expansions are formed upon opposite sides of 
the muscle. The end attained by this arrangement is very 
apparent ; it provides for the equal length, and conse- 
quently for the equable action of all the fibres. 

In the majority of instances the direction of muscles 
is parallel, or at least not vertical, to the axis of (be bone 
which they move; so that their action is for the most 
part oblique. It is obvious that this application of force 
is attended with a considerable loss of power: — an ad- 
vantage however of another kind is gained by iL A 
muscle thus disposed is capable of moving the point of 
its insertion through a large space, while tlie extent, to 
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which it shortens, is very trifling. Tlic action of the su- 
pinator radii longus may serve to illustrate this position : 
but the instance of the intercostals is more obvious and 
more commonly selected. 

The muscles of the trunk and limbs are distributed in 
a double series, the one as antagonists to the other: ne- 
vertheless those, which on one occasion are directly op- 
posed to each other, on another may act in conceit Thus 
the pectoralis major is employed in carrying the humerus 
forwards, the tatissimus dorsi, in carrying it backwards : 
but both may concur in simply depressing it, 

The problem solved in the direction and place assign- 
ed to diderent muscles is probably, in what manner should 
they be disposed, in order that diey may individually 
combine in the greatest variety of actions, and that one 
type may serve for the frame of numerous families of 
animals with habits essentially different. It is a remark 
not without the profoundest interest, that in many in- 
stances parts serviceable in one animal are found to exist 
in others where they are evidently useless, — if indeed 
that provision be useless, which stamps the strongest 
evidence of an imiformity of design in the various fa- 
milies of animals, by leaving vestiges of organs in one 
race, which only find their physical importance and de- 

■ velopment in other beings. 
The plantaris is a part of this description: it is inserted 
in man into the heel bone exclusively. But in simise 
this muscle is attached to the plantar fascia, so as to give 
tension to that membrane, with a view to the protection 

I of the plantar vessels and nerves, when the prehensile 
foot of the animal grasps any hard substance. 
As might be expected, various theorems in mechanics 
fmd an lUustration in the common frame of the bones 
2 A 2 
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moved upon a point termed Its fulcrum, that is placed 
either at one extremity or intermediately, by a force ap- 
plied at a different part, so ss to overcome a resistance 
which operates upon a third point of the lever. Three 
sorts of levers are formed by varying the relative place 
of ihe fulcrum, the power, and the resistance. la, the 
first, the fulcrum is intermediate, iu the second tbel 
power, in the third the resistance. 

The mechanical advantage of a lever is easily esti- 
mated ; the power or the resistance has the advantage in 
proportion to its relative distance from the fulcrum, 
in proportion as the length of the arm, on which the one 
operates, exceeds the length of the arm on which the 
other operates. An equilibrium is produced, when the, 
force and resistance, and tlie distance of each from tWI 
fulcrum, are equal. 

On the other hand, in proportion as power is sacri- 
ficed, velocity is gained. Whenever the resistance type^l 
rates upon the longer arm, the weight lifted traverses iiti 
the same time a greater space, than the point at which 
tlie force is applied. Now rapidity appears to be a more 
important object to be attained in the movements of the 
animal frame, than mechanical force: accoriUnglyinmost 
instances the second kind of lever is employed, which 
essentially involves a greater distance between the Ti 
sistance and the fulcrum, than belween the power 
the fulcrum. To such an extent is this principle carried] 
that in order to balance a weight of one pound ui 
hand, the biceps flexor cubiti, if it were possible tosupj 
it acting alone, must exert a force equal to ten poundi 
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In the Human Frame Slrengi/i sacri/iced to Velocity/. SS7- 

On many occasions velocity again is obtained by the 
niinierous joints, which move in concert to one object- 
Thus when a straight blow is struck, the hand moves 
forward with greater velocity than is communicable by 
a single set of muscles; at one and the same instant the 
humerus is raised, and the fore-arm depressed ; and the 
fist, projected by two forces, moves in the diagonal be- 
tween both impulses. 

"Hie only instance, in which the third kind of lever Is 
employed in the human frame, and velocity sacrificed to 
power, is to be found in the foot : — the tendo Achillis is 
attached to the long arm of that lever, which raises the 
weight of the body upon the ball of the great toe. 

The strength of muscular fibre is unknown : but it is 
supposed that a muscle, the section of which would pre^ 
sent a surface an inch square, might exert a force eqilkl 
to five hundred pounds. It seems likely that there tntty 
be an original difference in the quality of muscles; aiid 
that some of greater volume are essentially weaker ^an 
others less in bulk but of more rigid fibre. Much, hbw- 
ever, depends upon the energy, with which the will ope- 
rates. During phrenzy, a slight and feeble frame is ofteil 
found capalile of going far beyond the most powerfld 
eSbrts of tlie strongest man, when acting under less ex- 
citement. 

The continued action of n voluntary muscle must me- 
taphysically depeud upon successive impulses of the will, 
repeateil at infinitely short intervals; and a curlousobser- 
vatlon of Dr. Wollaston's makes it appear, that iii s 
continued muscular effort, the renewal of the musCuIsr 
contractions may be even appreciable by the senses*. 
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The body stands, when erect, on the same principle 



mndelled i 



■ of similar weight: 



n perpendicular d 
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Its position IS 
from its centre 
e muscles sup- 
port the frame erect, by keeping the joints rigid in any 
Attitude, which may be assumed involving the pre- 
ceding condition. The securest posture, that could be 
given to a model, would be the securest for the human 
body. \\Tiat renders tlie attitude of standing practically 
to firm in a living person is the power we have of antici- 
pating the side, on which it will be necessary to make re- 
sistance, and of increasing the length of tlie base, on which 
we rest, in the direc^on, in whicli violence is threatened. 

If aperson standing erect be killed instantaneously, be 
drofS prone on the ground: the body fells forwards, be- 
cause the greater part of its weight isnaturally placed be- 
fore that column, which, in the case supposed, suddenly 
gives way, at every point where there is a joint. The ten- 
dency of the body to fall forward seems provided against 
accidents of a less grave character, to which we are oc- 
casionally liable ; we thus fall, when we lose our balance^ 
against objects, which we see, and towards which our 
bands and^rms are readily advanced to break our fall. 

In the more violent kinds of locomotiou, in vaulting, 
and miming, the body is throwu forward by the re-ac- 
tlon of the soil, that follows the sudden pressure made 
upon it by a simultaneous contraction of the extensor 
muscles of the ankle, knee, and hip. 

The insecurity attending the preceding methods ofl 
progression is avoided in walking, in which the support 
of the body is alternately transferred from one leg to the 
other, and one foot is always planted on the ground. 

When we purpose to step forward in walking, i 
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begin by inclining the body to one side, so that it rests 
upon one leg. The opposite limb is then advnncecl, the 
knee being at fii^st slightly bent in order to detach tlie 
, foot from the ground. The hip-joint of tlie first limb is 
6naHy extended, by which means the trunk is propelled 
foi-ward, so as to be received the next instant upon the 
hmb which was advanced. Each step may tlius be re- 
solved into three elementary movements. 

The different gestures of the body, like the tones of 
tlie voice, betray the presence of strong emotion. In 
anger the step is hurried, as the accents are ; the hand 
is unsteady, when the mind is agitated, is sjireod abroad 
in wonder, is clenched in agony. 

Voluntary muscles are observed to take a bias towanls 
those actions, which they have several times repeated. 
The hard-working mechanic, when he divests himself of 
the tiress and implements of his trade, betrays by the car- 
riage of his limbs the occupation, to which his working 
day labours are devoted. 

Individual character is formed by the adoption of pe- 
culiar habits of thought and feeling : now each mood of 
^^ thought and feeling has its corresponding sign in some 
^^B change of feature: but changes offeature or changes in the 
^^P expression of the countenance are produced by muscular 
^^ action; andthemusclesofthefacelikethoseofthe trunk 
and limbs miconsciously take a tone from the actions, 
in which they are frequently employed ; — thus the pre- 
vailing character of the mind becomes faithfully pour- 
trayed In the lineaments, which the countenance wears, 
I even when the mind and the features are in perfect re- 

^^L pose. 
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■CHAPTER- XV;- ••• •••-' •'-'•"-'■"""^ 

■ ■ OF -GENERATION-, 'i'^" '- '-'^^^ ^"'^ 

Generation consists in the growth of a seed^ w, ffsifi^y 
or embryo upon a living surface, from wjbidv it,^ q jayalB5, 
when it has become capable of independent ^ewtenc^; 
In following the ascoading 'scale of ,orgafuzati<u^:^^i|M^~f 
in plants or animals, the g^iital system is£;>uD4.4o J^.^ 
solve itself into two parts, in one of which tlie g^no gWff^ : 
whQe in the other a substance is secrete^ :tbei-.iP^MuBt. 
of which appears to fecundate the germ. Wh^rlfae^e^ 
or^isms are met with in the same individually, tJieiplaat;. 
or animal is termed an hermaphrpdite.f .whe^i ,i|i j^ifier * 
rent individuals, the distinction of sexes intq fm4^ %f^. 
female arises. 

In human beings, the female organs consist of the ova- 
ries, the uterus, the vagina: the male organs consist of 
the testes, the prostate gland, the glands of .Cowpert. 
the penis. 

The ovaries, whtch form the essential part of ;tfa(^ fer 
male organs, are two flattened oval capsules, that are lodged 
in the fold of peritoneum, which forms the broad ligaments 
of the uterus. When cut into, they are found to consist of . 
a loose succulent texture, in which there aresevecaJfSBoaU 
cysts, termed corpora Graaffiana, containing a. serpt^r^ 
liquid ; their number is from fifteen to twenty ;> they lary 
in size, the largest being about four lines m diameter. At . 
an early age the surface of the^ovfiries is spapothf as lifi^^ 
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advances, it becomes marked with numerous scars or cica- 
trices. At the same lime one or more of the cysts are 
commonly found filled with a yoRowisli material of the 
consistence of curd; this appearance constitutes a cor- 
pus luteuui. The ovaries are supplied with blood by 
the spermatic arteries, with nerves fi-om the spermatic 
plexuses : on their removal the sexual passion is entirely 
destroyed. 

The uterus is a hollow fleshy organ placed between 
the bladder and rectum. Its texture is fibrous, but much 
firmer than muscular substance. The broader portion 
or body of the uterus contains a triangular cavity, firom 
two comers of which a tube termed the Fallopian tube 
leads towards the ovaries. The Fallopian tubes are about 
five inches in length ; they become tortuous and etilargeil 
towards their ovarian extremity, which is open, and 
fringed with irregular fliaments or fimbriae, that we c*- ' 
pable of attaching themselves to the ovaries. .^ 

The third corner ol the cavity of the uterus leads by 
a long channel called the cer\-ix uteri into the cavity of 
th« vagina. The aperture of the uterus is called the os 
tincte. 

The vagina is a mucous canal surrounded by a tinck 
vascular membrane. At the orifice are the labia and 
dhoris ; nnd in virgins a cresceutic fold of membrane, 
'termed the hymen, is found, leaving a narrow aper~ 
ture. 

The testes, which form the organs essential to the ge- 
nital system in the male sex, are glandular bodies. Either 
testis is suspended in the scrotum by a part called the sper- 
matic chord, which consists of the spermatic artery and 
veins, of the spermatic plexuses of nerves and absorbents, 
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and of the vu deferens, or excretory duct of ibe testis. 
The testis is covered witJ] a serous membrane called the 
tunica vaginalis. "Wlwn the reflected layer of this mem- 
brane i» divided, the testis is found to consist ofa Bat- 
tened oval sulutaace; to the upper, outer and back part 
of which a narrow 6at slip of flesh adheres called the epi- 
didymis. 

Tlie vas deferens becomes extremely tortuous, as it 
•l^roaciies tlie testis. When the duct has been filled with 
quicksilver injected in a retrograde direction, or towards 
the body of the gland, we find that the epididymis is 
but a continuation of the same canal, now reduced to a 
much less diameter, — of enormous length, though coiled 
vpaa itself into so small a compass. The upper end of the 
epididymis aj^ain leads by six or seven convoluted tubes, 
called vasu efierentia, to the upper part of the testis, the 
texture of which is firmer and denser than the rest : this 
part is termed the coqms Highmoriaaum, orrete testis. 
It consists ofa network of tubes continuous on the one 
hand with the vasa eflerentia, on the other with the sub- 
stance of the testis, which is itself wholly made up of fine 
convoluted tubes. The connexion between the veins and 
arteries of theiestisaod this tubular structure is unknown. 

The vas deferens is of great strength and relative 
thickness. Upon dividing it near the testis in animals 
recently killed, a fluid is obtained, which consists che- 
mically of water, mucus, soda, and phu.sphate of limCi 
and contains numerous minute animalcules, which have 
a rounded heed, and a tail These animalcules are not 
fbimd in the seminal fluid of mules'. 
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The division of tlie spermatic chord on botii sides, or 
tiie removal of both the testes, destrojrs tlie sexual pas- 
siori) and produces impotence. 

The vas deferens reaches the lower oi>ening of the 
pelvis by a circuitous route : having passed through the 
spermatic passage, it descends by the side of the bladder 
to the under part of its cervix, where it is joined by an 
oblong body called the vesicula seminalis : the latter pait 
consists of a long blind tube, folded upon itself, the open 
extremity of which enters the vas deferens at an acute 
angle. The common duct after this junction is about 
half an inch in length : it perforates the prostate gland 
between the third lobe and the lateral lobes, to open upon 
the under part of the urethra by an aperture at the side 
of the caput gallinaginis. 

In the body of a stout muscular subject, which I ac- 
cidentally examined, I met with no vas deferens in ei- 
ther spermatic chord : I found, however, that the struc- 
ture of the testis was natural, and that the vas deferens 
was formed in the usual manner, but instead of ascend- 
ing in the chord as usual, it was reflected downwards 
and opened inlo the rete testis. In the place of tlie vesi- 
cuiai seminales, on one side there was a narrow slip of 
dense fleshy substance, which wb$ not tubular ; on the 
Other, every vestige of this organ was wanting. 

The prostate gland is of the size of a small chesnut^ 
and of great toughness; its numerous ducts open in the 
furrow at the side of the caput gallinaginis, and pour out, 
when the gland b squeezed, an opake whitish liquid. 

The glands of Cowper seem likewise to belong to the 
generative system ; they are of the size of pease, one being 
placed on each side of the membranous portion of the 
urethra, below which they are united by an isthmus : llie 
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duct of esch, about three inches tn lengtli, opens by per- 
forating tile raucous membrane Uning the spongy boc 
of the penis. 

l^hc secreUons of these ports find therefore ^ rei 
p&ss&ge into the bulb of the urethra, fVoiD whence did 
are expelled by the action of the ejaculator seminis. j 

In perennial plants the organs of generation are i 
nualiy shed and reproduced. In animals the sexual c 
gans are periodically fitted for the fiint 
ration either by their actual enlargement, or by a « 
termination of blood to them at particular seasons, 
human beings the sexual organs are competent to ihei 
function during the greater part of life, from the age 3 
puberty to forty-five or fifty in females, to sixty-five n 
seventy in men. 

The period of puberty is different in the two eexel 
in the inhabitants of different climates, in personsofdi 
ferent temperaments and habits of life. 

Women reach the period of puberty one or two yean^ 
before men; the inhabitants of southern, before those of ] 
northern climates. In the hottest regions of Africa, Asifti 
and America, girls arrive at puberty at ten, even at nilM 
years of age ; In France not till thirteen, fourteen, or fi 
teen ; whilst in Sweden, Russia, and Denmark, this perji 
is not attained till from two to tliree years later. Habits of 
activity and bodily exertion retard the arrival ofpul>erty.^ 

Before this period the generative organs are dispro- 
portionately slow in their growth, and the collateral difi 
ferences, which subsequently characterize either sex, ha»< 
not made their appearance. In a boy and girl tl 
no great difference in external form, in the tone of tl 
voice, in the appearance of the integuments. 

At the time of puberty, in the male, the larynx eiw 
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larges, the quality of the voice is changed, the beard 
grows, the chest and shoulders enlarge, the generative 
organs are developed, hair grows upon tlie pubes, and 
the secretion of the seminal fluid begins. 

The female at the age of puberty deviates less fi'om 
the type of childhood ; but the breasts enlarge, the pelvis 
enlarges, the uterine organs are developed, and a pecu- 
liar periodical secretion commences from the inner sur- 
L&ce of the uterus, which continues, "subject to certain ih- 
I fer missions, as long as the organ is capable ofimpregbiir^ 
(Qon, on an average about thirty years. 

This secretion is termed the menstrual discharge or 
■catamenia: it returns every lunar month, and consists of 
■ B fluid resembling arterial blood, except that it does not 
[coagulate: the secretion amounts to six or eight ounces 
n average, and lasts from three to four days. Sut 
1 some instances the period returns regularly every 
vitilrd week ; and in other instances, in which the common 
Lperiod is usually observed, it occasionally happens, that 
I menstruation is put off till the fifth week without any in- 
i convenience attending : in some persons it lasts a shorter 
I period than that above state<l, anti is scarcely sanguineous, 
I qi others it is more profuse and lasts at each recurrence 
I ^ week. 

_ " In some instances menstruation takes place at puberty 
tmthout any previous or attendant incKsposition, but ge- 
Icerally its first appearance is preceded by uneasy leelings, 
I ^ pain about the back and pelvis, accompanied often by 
1 disorder of the stomach and bowels, and varioushysterlcal 
f ^mptoms. These affections gradually abate, but at the 
end of a month return with more severity, being attended 
with colic pains, a frequent pulse, occasionally with heat 
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of skin and a desire to vomit. Tliere now takes place 
Irotn the rngiiia b dischai^e of a sei'ous fluid slightljr 
red, but it does not in general become perfectly sangui- 
neous for several periods ; when the discliarge flows, the 
preceding symptoms abate, but frequently a considerable 
degree of weakness remains, aod the skin of the eyelids 
appears discoloured. In a short time menstruatioa is 
performed often without any other inconvenience than a 
slight pain iu the back, though sometimes a woman may 
suffer from many of the former symptoms every time she 
is unwell ; and ail women at the menstrual period are 
more liable tlian at other times to spasmodic and hys- 
terical complaints. 

This secretion is naturally wanting during uten 
tation, and some time subsequently. 

It is supposed that the uteius is peculiarly fitted 
impregnation ijnmedialely after the period has 
Vet women may have c-hUdreu antecedently to the oc- 
currence of menstruation. Sir E. Home mentions the 
case of a young woman, who was married before she 
was seventeen, and having never menstruated, became 
pregnant! four months after her delivery she became 
pregnant a second time; and four months after the 
second delivery, she was a third time pregnant, but 
miscarried. After this she menstruated for the first 
time, and continued to do so for several periods, and 
again became pregnant". 

As long as the uterus is capable of becoming impreg- 
nated, it appears that ova are continually i'ormed in the 
ovaria. The corpora lutea appear to bi " 
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ivhich ova grow : the yellowish granular substiince, of 
which a corpus luteuni consists, is found to have a cen- 
tral cavity, in which the germ is detected, partly ad- 
herent, partly surrounded with blood. This important 
discovery was made by Sir Everard Home and Mr. 
Bauer. In the body of a young woman twenty years of 
age, with a perfect hymen, a corpus luteum was ex- 
amined, that was seen in one of the ovaria; the ovum 
Tchich it contained was an oval substance -^-^-^ of an inch 
in length, less than j^^ in breadth, somedung contracted 
in the centre, transparent, impertectly covered by a 
membrane, by which it adhered to the corpus luleum. 
The Fallopian tube on that side was fuller than on the 
opposite. The fimbriEe were spread out and unusually 
vascular: no sexual intercourse had taken place'. Mr. 
Bauer lias since repeatedly verified the correctness of 
this observation in animals; ami has additionally ascer- 
tained, that the corpora lutea, when the ova are fit for 
becoming fecundated, burst and expell their contents; 
and subsequently shrink and disappear. 

These interesting observations have the advantage of 
bringing under one theory all the instances of generation 
with separate organs, by proving that in the case of mam- 
maha, as in other animals and in plants, an ovum is pre- 
pared by the female, previously to a fruitful connexion. 

There is reason to believe that the collateral changes, 
which take place in the human body at tlie term of pu- 
berty, are immediately dependent upon the state of the 
genital system. 

The e^ct of castration upon animals is well known : 
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in boys, It prevents the enlargement of the larynx and 
the growth of the beard, ftnd the whole frnme presenu 
nn inconsistent nnd effeminate character ever afterwards. 

In a similar manner where parta of the gunital system 
ar« uBturaily deficieitt, tJie hody never acquires the 
true character of either sex. A marine aged twenly- 
ihi*e was admitted in the year 1779 into the Koysl 
Naval Hospital at Plymouth : he had been there only a 
lew <}Rys, when a suspicion arose of tlie individual buDg 
« female. He hnd no beard : his breasts were fiilly &■ 
large as those of a woman at tlint age: be was inclined 
to be corpulent: bis skin was uncommonly soft: tfaa 
hands tat and short: the thighs and legs like tbose of a 
woman. The penis was found to be unusually small, the 
testes not larger than in the fcetal stale. 

A female lived to tlie age of twenty-nine years, who 
was of a fair florid complexion, in stature not more than 
four feet six inches ; her breadth across the cheat was 
fottrtcen inches; across the pelvis but nine : her breasts 
and nipples had not enlarged. She had never men- 
struated. There was no appearance of hair on the pu6es, 
nor was there any indication of puberty in body or mind 
at twenty -nine years of age. It was found on examining 
the body al\er her death, that the os tincte and uterus hod 
their usual form, but had never increased beyond their size 
in the infant state. The passage Into the uterus through 
the cervix was of the common shape, and the Fallopian 
tubes were pervious to the fin^brin;. The coats of the 
'e membranous. The ovaria were so indistinct 
as rather to show the rudiments, which ought to have 
formed them, than any part of the natural structure. 

Mr. Hunter has described the nature of a peculiar J 
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(luuisU'osily, which occurs in block cattle, niid wlilcli 

thcows additional iiglit upon the present subject. 

. Wheo twin calves are born, they may be both pertect 

I ^ull^^r [>ei'lect cow calves: when one is « bull calf, tlie 

I (tther a cow ridf, llie latter in gcueral, when grown up, 

I exhibits no sexual propensities, and has a frame resenvr 

lying the common ox, with which animal it is gaierally 

■ goked and employed. This aiiimnl is termed a IVee- 

Emanin. Upon an examinatiun ol' three of tliese aiiimals, 

K Mr. Hmiter found in ttiem different malformations of the 

I aenitnl organs: each of them liod some rudiment of the 

Pttmale organs, but at the same time something deficiail, 

Lather in the connexion of the uterus with the vagina, or 

1 the development of the ovaria ; and in each some 

nail part of the male generative system was detected. 

ttp tliis instance therefore, as in the preceding, the gcoeraE 

Icliaracter of the animal seemed to follow die type of th^, 

Igenital organs. 

The free-martinis perhaps the nearest appruach ia 

f die higher animals to the state of herraaphrodism, ilie 

I existence of which in human behigs is a groundless fiction. 

1%ose appearances, which are occasionally exposed (Q 

[ the vulgar, as specimens of surii an occurrence, are cases 

[ iii which, if females, there Is an habitual prolapsus of 

B uterus with a long and narrow cervix, or an enlargeil 

^i^oris ; or in which the front of the bladder and the 

lower part of tlie abdominal parietes are deficient, sp 

,t the everted mucous surface of the posterior half of 

; bladder presents the appearance of a glans penis 

Kive the female sexual organs ; — in males, the want of a 

erforation in the penis, with a deficient septum scroti, 

md the urethra opening in the perjaeum, may give rise 

It a aiin Uar imposition. 

"*" 2 B 



370 State of the VMw vhntjl/fitf Cfmrrpfiw. 



The stale of ihe uterine 



organ: 



when fitted for i 
the following ol>5 




prcgiiation may be collected froi 
rations made by Mr. Cruiksliauk. 
at Iioat, was pitbeil, nnd the uterine system minutely ex- 
amined. The external and internal parts of generation 
were found black with an unusual quantity ofbloed: the 
Fallopian tubes were twisted like writhing worms, and 
cxliibitcd It very %'ivid peristaltic motion: the fimbrise 
embraced the ovaria, like fingers laying hold of an oI>- 
ject, so closely and so firmly as to require some force 
and even slight lacetation to(lisengng« tliem: round black 
spots somewhat lo!>s thai) mustard seeds ajipeored below 
the membrane of the ovarium. Upon injecting the 
!tels of the pelvis with size and vermilion, the utei 
organs became o( a bright red. 

We have next to inquire what conditions are reqi 
site to fertilize the ovum, or to produce conception. 
Upon this subject our knowledge is extremely imperfect; 
but proceeding by the inductive method, physiologists 
have osceriained, that the exclusion of one ^ment in 
the structure of the uterine system, essentially prevents 
impregnation following sexual connexion. If the canal 
leading from the orifice of the vagina to the ovaries be 
interrupted, conception never takes place. If the obli- 
teration take place at the va^na, the sexual appetite re- 
mains unaffected ; if, as has been already mentioned, the 
Fallopian tubes be the parts divided, desire appears to be 
lost, as well as the capacity of being impregnated, 
Let me state the tacts in detail on which these cbncli 
rest. 

. Blundell found that the obliteration of the uterine 
in rabbits, by division of the vagina, prevents con- 
in. In animals thus mutilated, which admitted 
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male, the uler us enlarged ton considerable size, and was 
found to contain a fluid of an albuminous iiatuie''. 

The followiug case occurred in my own practice. A 
married woman 33 years of age liad borne several chil- 
dren, but after her last labour, violent inflamiDatlon fol- 
lowed, which protliiced a complete obliteration of the ca- 
vity of the vagina by adhesion. Conception did not take 
place subsequently, but she suffered perioilically under a 
complication of head-ache, epilepsy, hemiplegia, and vo- 
miting of blood. Her sufferings having lasted five years, 
and continuing to increase, she applied to me tor advice. 
The uterus, when examined by the rectum, was evidently 
not enlarged, and contained no fluid. Nevertlieless, in the 
hope of restoring the functions of the part, Idetermined 
to try to make an artificial passage to the womb, by perfo- 
rating the centre of the firm flat chord, which represented 
ttie vagina. Upon eiqiosing the os tlncze, however, it ap- 
l^aved that the cavity of the uterus had likewise become 
l^literated in thiscase. Tomake sure, I divided obliquely 
L llie extremity of the cervix uteri, but could find no route 
I leadmg into the cavity of die uterus, on pressing the end 
mti a probe against the cut surface. It is now 3 years since 
l.the artificial vagina was made; it hasshown no tendency to 
Y close; conception has not taken place, but the symptoms 
ftteach period are by no means so severe as formerly. 

Barrenness in married women occasionally dG|]ends 
upon an obstruction of the os tincce by viscid mucus, the 
removal of which dirough the introduction of a bougie 
has' been sliordy al^r followed by conception. 

Dr. Haighton divided the Fallopian tubes on each side 
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in several female rabbits, unci ibundtliat the animals in- 
variably lost the sexual appetite '. Upon dividing tlie Fal- 
lopian lube on one side only, lie found tlie same result ge< 
iierally ensue. In n few cases however, the animals tluis 
mutilated admitttnl the mole, and became impregnated; 
but tlie horn of die uterus on the side, on which the Fal- 
lopian tube had been divided, never contained ova. 

When we refer to analog^' for some elucidation of the 
cause, why an obstruction of the uterine canal pi'events 
conception, we seem to discover it in the (acl, that in 
various cold-blooded animals, the seminal fluid is brought 
into contact with the ova either at the time of their ex- 
pulsion orallerwards; and we are led to conjecture, that 
in warm-blooded animals likewise the seminal Huid must 
be directly applied to the germ, in order that impreg^ 
nation may take place. 

If we are satisHed that this conjecture is well grounded, 
we may next inquire, whether the contact of tlie seminal 
fluid and ovum lakes place in Uie uterus, in the Fallopian 
tube, or in the ovarium. The only fact, of which we are 
in possession, that seems to bear upon the question at 
issue, is that the ovum although generally developed in_ 
the utei'us, sometimes is brought to maturity In the Fal'^ 
topian tube, and sometimes in the ovarium itself: 
remarkable that in the two latter cases, the uterus en- ' 
larges, and its inner surface becomes covered with a 
layer of flocculeni lymph. In the same manner as in cases 
of ordinary conception : but curious as these occurrences j 
are, I am afraid tliat they leave the point, I have adduce 
them to illustrate, nearly in its original obscurity. 
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But in instcinces wheve the generative system appears 
physically perfect on either side, nothing is more un- 
certain than the occurrence of conception in women ; we 
are totally ignorant of the canses, which prevent it at 
one time, and facilitate it at another; even the signs, 
\ which announce the presence of this state, are liable to 
li|>rove fallacious, and at an early period, dissection alone 
\'Sn the accident of an abortion happening, can show, 
by producing the impregnated ovum, that it has ex- 
isted. Nevertheless in married women who have been 
previously healthy, the cessation of the catameuia, and 
the constant recurrence of sickness in the morning, are 
■iiymptoms which declare with tolerable certainty, after a 
Tibw weeks have elapsed, that conception luis taken place: 
l>fterwards, the enlargement of the abdomen and of the 
I mammiE, the emaciation of other parts, not attended with 
s of health but with an increased appetite, and lat- 
^rly the sensations produced by the movements of the 
fcetus, conjointly establish to a moral certainty, die na- 
Vifure of the change which^is proceeding. 

■ The earliest appeaiatice of the human ovum upon 
[^cord is that described by Sir Everard Home. 

A young woman died under circumstances, which 
e it evident that eight days befoi-e she had cohabited 
»ith a person, whom she had not subsequently seen. 

Upon examining the uterine system, the cavity of the 
romb was found lined with an exsudation of coogulable 
mph, and a small body was seen, which lay in the 
llymph near tlie cervix. Mr. Bauer found that this small 
)dy consiste*! of a membrane of great relative thickness, 
forming a bag or pouch of an irregular oval shnpe, not 
pitte g'^^ parts of an inch in length, and in its middle 
ibout jgf, parts of an inch broad. 
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When laid i>n glasa, the membrane iwliriltetl easily o 
lictiij; opcncil with n camel's liuir pencil, at a pointy t 
where n natural fissure seemetl to ( 
to contain iinotlier smaller bag, somewhat less than J 
I'ilb l"""^ •'f "" '1*='' '" length and not t]uite jjj 
broad: the bag was coplrocted in the middle: it con- 
wUtctl ol' a thill bitt firm membrane, which seemed to be 
(iliwl with some thick slimy substance, it contained two 
round corpuscles, apparently more upake and of a yel- 
lowish tint: these distended the membrane over them, 
so OS to lie distinctly seen. 

Towards the close of the tliird week the ovum . 
a datteneil egg-shaped cyst, with a flocciilent extemtil 
surface, which is termed the choiion ; a smoother meo^ 
bmne lines this, termed the amnios, in which is a 6nid 
called the liciuor amniL The embryo floats in the liquor 
amnii, and is attached by the umbilical chord or navel- 
string to the thickest ])art of the chorion, which is termed 
the placenta; the amnios is reflected from the placenta 
along the umbilical chord to the embryo. 

The embryo about the third week resembles 
head has the greatest bulk ; from the curved oval body thfe 
extremities project like little shoot!; ; between the two 
lower extremities the liody is elongated into a sort of tail, 
termed the coccygeal protuberance. The neck, at first 
large and short, is scarcely recognizable during the first, 
two months. At the ei]d of the second montli the di0e 
rent divisions of the limbs are distinct, and the fiiij 
and toes shoot out. The arms and fore-arms are tlevi 
loped before the legs ; as the latter grow, the coccy; 
protuberance diminishes ; it has disappeared by the end 
of the third month: it is not till the fifth month that the 
lower extremities acquire tlieir superiority in size. 
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The embryo grows fastest the first month after con- 
ception ; its growth is retarded during tlie second month, 
accelerated during the third, and retarded during the 
fourth. About tills time all its organs having made thdr 
appearance, it is termed a foetus ; the growth of the fcetus 
is then accelernled to the end of the eighth month, but 
afterwards proceeds slowly. 

Fromraeasiirementfi by Wrisberg, Bums, andothers, it 
appears that an embryo of six weeks weighs about thirty- 
seven grains, at ten weeks siij, at twelve weeks Jij, at 
the sixtli month Ibj, at the eighth between four and five ; 
af birth the average weight is 7ft avoirdupois, and 
varies from lib to 11 J. The average height is twenty 
inches. Twins are individually smaller: m ides are larger 
than females ; the head is longer and flatter, and the 
chest more developed in the male. 

In the first and second months the embryo appears 
bent, in the third a little straightened; afterwards it be- 
comes convoluted into an oval. The vertex of the head 
makes one end of the oval, the nates die other : one side 
or edge of the oval is formed by the occiput, the back 
part of the neck, and the incurvated trunk, the other is 
made of the forehead and folded limbs: (he hips and 
knees are bent and the legs crossed ; the upjier extre- 
mities are folded in the vacant space between the fore- 
head and knees. But the position of the extremities 
varies in difterent cases, and seems often shifted in the 
living body. With regard to the mother the most 
common situation of the child is with its head down- 
wards, and its nates at the upper part of the uterus : 
once perhaps in twenty or thirty cases it is the re- 



The genital organs are distinct in tlie third month : 
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tltc clitoris is large and prom in en I, »o tliat n inistnke 
to the sex is rejiclily mnde at tlits period. Of the organs 
of the senses, the eyes aic fiist obsen'ed ; they are pro- 
{HirtioDatcly larger as the embryo is younger. Soem* 
Ricrring lliinks that tlie eyelids ore o})eii before the teolbi 
week : about the seventh or eighdi week pores are seen 
in the situatioji of tlic external ears, then the helix anci 
uittihelix, the tragus aiid antitragus, are developed. The 
mouth is open during the first month, there being as 
yet DO lips. The cutis is at first thin and gelatinous, 
but is coveretl by a ciilide in the earliest stage : the sur^ 
fnce of tile body is red and vascular at an early period, 
an appearance common to all the families of mankind : 
rhe dark shade of the Caifi-e and Malay comes in a few 
days after birth. The surface o( the fcetua is covered 
with a firm sebaceous and white substance tended vernix 
caseosa; this covering, which renders the whole 
greasy, cannot be washed ofl' with plain water. It 
soluble in alcohol, oils, or pure water, but some olki 
dissolve a part of it and form a kind of soap : it is found 
on the surface of the child alone. A soft woolly covering 
is seen jtarticularly about the sides of the face the back 
and shouhlers and liips in young embryos, which disap- 
pears in the mature fcetus. Proper fat is not formed 
mider the skin before the fourth nionth : Its place is oc- 
cupied by a jelly-like substance: afterwards a prettj' 
thick layer of fat is formed over the whole body. Mus- 
cles are not distinguishable in tiie first three months, 
after which fibres are slowly formed: in an embryo of 3 J 
months Wrisberg observed muscular fibre and tendon. 
It is observed by Soemmerring that the tendons of the 
recti abdominis are proportionately broader and stronger 
than in the adult. The pyiamidales also are cont>iderubIy 
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Jarger. There is a round opening in the Iniea alba for 
the passage of the umbilical vessels. Tlie muscles of the 
internal ear are nearly completed at the time of birth. 
The hitercostals and diaphragm are considerably de- 
veloped at the same period, and the muscles of the upper 
more than those of the lower extremity. The total 
length of the cerebrum at three months is 1 inch 3 lines, 
breadth 1 inch 1 hue : nt birth its length is from S inches 
8 lines, to 1 inches 6 lines. The absolute increase 
of tbe cerebrum and cerebellum is greater during 
the six months preceding birth, than during the seven 
succeeding years. The convolutions of the cerebrum 
begin to be formed the third month ; they are marked 
by mere superficial depressions; tliey appear first in the 
middle and posterior lobes. They are distinct by the 
seventh month : the laminae of the cerebellum appear 
somewhat earlier. The globules, of which the foetal brain 
is composed, are smaller than those of the adult. At 
three months the whole enltephalon is of a pearly colour 
with no distinction of white and brown ; at this time the 
mass is nearly semifluid, and even at five months there 
is no distinction. The substance of the spinal chord in 
tlie fcetus is much firmer than that of the brain. 

About the seveutli month the edges of the pupil are 
united by a fine vascular membrane, termed the mem- 
brana pupillarls, which is impei-fectly seen before and 
afi:er this period. At the time of birth there are no val- 
vule conniventes in any part of the small intestines, ex> 
cept the duodenum. The testes of the fcEtus are situated 
immediately below the kidneys; a flat chord termed the 
gubemaculum testis extends fiom each to the spermatic 
About the time of birth the testis descends 
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iiitu Uie xcTotum pusbing before it a. sac of peritoneum : 
souietiuiGs a portion of omeatum or iotesline descends 
.-Uong with the testis constituting a congenital hemiaj 
tronitnonly however, nothinj^ intervenes between the sor- 
laccs of the peritoneal canal which leads into the scro- 
ttuu, and they cohere; by Uiis means nil trace is lost of the 
original condnulty between the peritoneal cavity and tliat 
of llic tunica vaginalis. In the f<xtus a conical tube, called 
die nrachitSf extends from the fundus of the bladder to 
the ambiltcus. In this stage of existence are developed 
certain glandular bodies, the use of which is unknown, 
but which continue large and vascular till towards pu- 
berty, and afterwards shrink and waste. The thymus 
gUudisoneofthese; it consistsof several masses of a yel- 
lawish pa pencil jTna, tliat are united by cellular membrane 
only, and are disposed as two large lobes in the ante- 
rior medinstinum before the great vessels niid the base 
uf the liearl: each subdivision of the tliymus glund has a 
cavity, which contains an opake duid of a dirty white 
colour. The renal capsules are two little crescentic bo- 
dies, of a granular texture, and very vascular, that lie 
before die upper part of the kidneys. These likewise 
have a cavity containing a turbid scrum. They do not 
waste so early as die thymus. Perhaps with these parts 
the tliyreoi'd gland should be associated, the isthmus of 
which crosses the second ring of the trachea, the lateral 
lobes extending along the side of the cricoid and thy- 
reoid cartilages. It is very vascular and laid out in mi- 
nute cells. In this enumeration of the orgiins of the fortus 
1 have purposely omitted noticing the state of the skele- 
ton, which will be described in the following chapter. 
Tlie fcctus lloating in a liquid has no use for i 
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lungs: its blood is purified in the placenta, n part re- 
mote from its bod}', to and frtai whicli the bloud is 
transmitted ihrough vessels contained in tlie umbilical 
chord. 

The blood is distributed through the body of the foetus 
ill the following manner. Avein, termed dieumbilical vein, 
enters at the navel, runs in the unattached edge of the 
broad ligament to the uotch of the liver, pursues its course 
along the median fissure ofthe liver, gives off at the trans- 
verse fissure a large branch to join the vena porta;, and 
atlerwards proceeds, under the name of ductus venosus, 
to open into the vena cava, in which the blood brought 
from the placenta becomes blended with that returned 
from the aortic circulation. The mixed blood enters 
tlie right auricle, and great part is transmitted directly 
through fi circular aperture in the septum auriculnruni, 
called the foramen ovale, into the lell auricle ; to promote 

' this object, the Eustachian valve is so disposed, as to cause 
the axis of the vena cava ascendens to correspond with 
the axis of the foramen ovale. Either auricle contract- 
ing, the same quantity of blood is tiirown into cither ven- 
tricle : each ventricle propells its contents into the artery 

' which issues from it : but the pulmonary artery at its 
point of bifurcation opens by a short capacious tube, 

' termed the ductus arteriosus, into the under part of the 
arch of the aorta ; and thus the blood, which escaped 
entering the left cavity ofthe heart, finally joins tiie rest 
in the aorta. The blood distributed in the ramifications 
of the aorta in part serves for nutrition, but a certain 
quantity is directly returned along its largest branches 
to the placenta to be purified : &om each internal iliac, 

~ _a great vessel termed an umbilical artery rises, which 
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accewlB by the tide of the bladder before the peritoneutnl 
to Rieet itx fcllovr at tlie umbilicus, wliere the two leaves 
tlie body of the foetus, and proceed to the plac 

The umbilical chord, or navel-string, consists of three 
great vessels iwiNted, of the umbitical vein, and the two 
unbUical arteries, which ere contained in a firm intersti- 
tial cellular mucilaginous substance. The thickness of 
lite navel-Btring is variable; its length at tlie time of birth 
is on an avera)^ about two feet : but it varies from, one 
foot to tour. When very long, the umbilical chord is 
geoertlly twisted round the child's neck: it has been 
known to have been §o twisted four times and a half. 
This accident does not appear to afiect labour, except 
in those cases, when the child is turned ; and the child 
is then in considerable danger of strangulation. 

The placenta, to which tlie chord is attached, gene- 
rally near its middle, is a firm tough spongy mass, about 
an iucfa in thickness and a span in breadth : upon or 
near the inner surface of the placenta, the umbilical ar- 
teries and vein seem to ramify. On injecting the umbi- 
lical arteries, they are seen to anastomose immediately 'j 
afW entering the placenta : their branches are then dis- 
tributed towards the circumference of the placenta, and 
divide and subdivide to the size of capillary vessels, which 
reuniting form the roots of the umbilical vein. The part 
of the placenta, which is occupied by the branches of the' 
umbilical vessels, is termed the fcetal part 
face is glossy, hard and compact. 

But the injection of the umbilical vessels does not 
redden an outer layer, the matei-nal or aterine portion 
of the placenta: this is of a slighter and 
texture than the foetal part : it adheres to the uterus, 
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is capable of being injected from the vessels- of tiie uterus. 
The injection never passes from the uterine part into tlie 
foetal, or from ilie foetal into the uterine part of the pla- 
centa : but it is observed, that innumerable irregular cells 
are left between tlie maternal and fcetnl portions, which 
are readily distended by any iluid thrown Into the arte- 
ries and veins of the utenis: — we may presume, that in the 
living body these cells are constantly filled with arterial 
blood from the maternal system. 

The mode in which the placenta operates in puniying 
the Icetal blood is unknown. The source from which the 
ftetus derives its nourishment, and the mode, in which the 
maternal and foetal systems are connected together, are 
likewise involved in entire security. But M. Magendie 
mentions that the stomach of the foetus has been found to 
contain mucus, which was opake and greyish towards 
the pylorus, as if converted into chyme; and a greenish 
substance, termed meconium, which may be the refuse of 
a kind of digestion, is found in the great intestines. 

It is well known that physical and moral impressions 
upon the mother affect the health and life of the fcetus. 
M. Magendie further observed, that on introducing cam- 
phor into the veins of a pregnant bitch, in a quarter of 
an hour afterwards the blood of the fostus had a distinct 
odour of that substance. The nervous system of the foetus 
appears torpid : the symptoms, which active poisons 
produce upon tlie brain and spinal marrow in adult ani- 
mals, do not follow their introduction into the serous ca- 
vities or cellular membrane of unborn animals. 

But other parts of the ovum, and the membranes of 
fhe uterus, remain to be considered. 

The amnios is a dense but transparent membrane. 
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liQving a glossy internal surrace; united to Uie chorion 
by an intcrveiiiag gelatinous substance, to th« uaveU- 
string flirecUy. 

The liquor omnii is a transparent fluid without tay/k 
Hcnsible degree of i«»acity or rnpiuess; sontetimes it 
Ibul or muddy with a little of a yellowish cost. 

Its proportion is greatest in the early months; 
difTerent coses its tjunutity varies considerably : 
instances at birth there is little more than a pint : 
others it amounts to some quarts, — on an average to be> 
iween two and three pints. 

The folloM-ing is the composition of the human liqtioi 
amnii. 

Water , 

Albumen, Muriate of 

soda. Soda 
Phosph.-ite of lime, 1 



teof -\ 
ijLime. J 



When thvrc is a considerable quantity ol liquor, 
the child lakes the advantage of room, and the composi- 
tion of its parts is less close and globular : in proportion 
as there is less space, the figure is more compacted 
moulded lo the sliape of the uterus ; the feet are i 
liable in such cases to be twisted to a degree of deformil 

The chorion is a complete hag of tender membri 
inclosing the amnios, aud continuous with the placetiti 
in the early months, it is uniformly thick and flocculeut^' 
so that tlie place of the placenta is less distinguishable; 
at the same period it is stronger than the amnios : but in 
the latter months it becomes tliin and 
has less strengtli than the amnios. 
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The vesiculn nlba is a small oval body containing n 
small quantity of a cream-like fluid, wliicli is found at an 
early period of the ovum between the chorion and am- 
nion. Its distance from the navel-string is various, some- 
times half on inch, sometimes twice ns much. From tliis 
bag a small duct is continued to tlie navel-string, which 
contains the same sort of white fluid as the sac itself; 
when the duct comes to the navel-string, it is as small 
as the finest hair, and witli a magnify in g-g I ass may be 
seen running along tlie whole length of die chord, ad- 
hering closely to the amnios. 

The lymph thrown out in the uterus for the recejT- 
tion of the ovum is distributed in ilocculent membranes 
termed deciduic : one layer called the deciduft vera may 
be traced lining the whole interior of the uterus : a 
second, the decidua reflexa, returns fiom the edge of the 
placenta to form an internal sac ; this is somewhat of a 
yellower colour than the former : dius the ovum may be 
said to be contained between a part of the decidua vera 
and the decidua rfeflexa : but the distinction of two layers 
of decidua is not to be made out in every port of a 
single specimen. 

The uterus grows with its enlarging con tents, so as con- 
stantly to preserve about the same thickness ; it is always 
more than sufficiently capacious, so as to be plastic, not 



About the fifth month it rises out of the pelvis, and 
rests E^ainst the fi-ont of the abdomen ; as it enlarges, the 
distinction between the body and cervix is lost : the os 
tinCfE is tlattened and makes only a small rugous hole 
not readily discernible : it is closed by a tough glutinous 
matter which is fixed in the irregularities of the eurfape. 
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The fibres of ihe uterus assume something like tt d 
fmtle (lisposiliim ns pregnancy advances : viewed fro 
wilbin ihey nrc seen to be disposed concentrically roui 
the orifices of the Fallopian tubes. The cervix ha»<| 
not such regular or large fascicoU as the rest of the utij 
nis : when the internal stratum is removed, the 
of the next layer, which are firmer and tougher than IW 
rnnermonU seem to have no regular order. 

The ordinary- period of iiteroge&tation in nine calendar] 
months : iiometimes, however, but rarely, the child i 
born alive at the expiration of the seventh. 

Labour is preceded for two or three days by a mucous 
discharge from the vagina, and by slight pains about 
the abdotnen and loins. The external parts swell and 
l>ec(ime relaxed, and eveii the ligaments of the pelvis los 
their tenseness. 

The pains of labour commence with and consist in i 
powerful contraction of the uterus, accompanied with o 
traction of the abdominal muscles and diaphragm ; thejr 
are repeated at intervals of half or a qttarler of an hour, " 
Imjielled by this jiressure the membranes project at and' I 
dilate the os tinc« ; they burst; the liquor amnii escapes* J 
and at tbe next pain the pressure of the uterus falls dl^ 
rectly upon the foetus, 'i'he head of the ftetus gi^i» 
ally descends urged on by succeeding spasms, llie occiput' I 
foremost, the long axis of the head being disposed ob- 
litjuely across tbe lesser basin of the pelvis. The ocd- 
put, as the external paits yield, glides off the inclined' 
surface of the ischium, presenting at the orifice of tba'l 
vulva, and bringing at the same time the long diamete^l 
of the shoulders to correspond with the greatest breadth 
of the pelvis. When the head is disengaged, the b 
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idily follows. The umbilical chuid in then tied, oiiil 
pdSvided, 

After a short time fresh pains reluin, and the placenta 
and membranes are detached, and come away. Labour 
in tlie majority of healthy cases is completetl in from 
four to six hours. The uterus then very slowly and 
iusensibly contracts, so as to diminish the ample cavity, 
which has been rendered vacant. At the same time 
its volume is reduced by absorption. During the re- 
turn of the womb to its former state, a discharge,'aC 
first tinged with blood, afterwards of a whitish colour, 
termed the lochia, ensues, which lasts for several days. 
At the moment after birth the infant dilates its chest, 
and respiration commences ; at the some time the fora- 
men ovale and the ductus arteriosus contract, and close. 
A new mode of existence commences. The infant ex- 
periences sensations and wants, which adhere to it through 
life ; it begins to receive impressions from the surround- 
, ing world, and tries instinctively to gratify its newly ac- 
fe'l^ired appetites. 

Yet for some time, the infant continues immediately de- 
indent upon the maternal system for its nourishment. 
The breasts fonn part of the generative system. The 
md of the mamma, remarkable for the whiteness and 
Diness of its nodular texture, and for the mode in which 
bis mixed up with adipose substance, consists of several 
pfistinct lobes. From innumerable branches in each of 
a duct is formed, which without communicating 
ritli those adjoining, opens in the sulci upon the surface 
i the nipple. The mamma has a close sympathy with 
fiflie uterus, so that it usually enlarges and becomes tender 
r two or three days before each period. During the 
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Utter montlis of pregnancy the mamma etnlarges, the 
ureula surrounding tlie ni|>ple taking a darker shade: 
towards the time of labour tlje brea«t secretes a serous 
fluid : the secretion has generally the same appearance 
for two or three days after labour, but at length takes the 
well-known character of milk. The secretion of milk 
naturally continues till the middle of the second year. 
The milk is observed to be more abundant, thicker; 
and less acid, when the food of the mother principally 
consists of animal substances : opposite qualities are no- 
ticed in milk produced upon a vegetable diet. No se- 
cretion indeed is more readily modified by the ingests, 
than that under consideration: medicinal substances talcen 
by the mother impart their properties to the milk ; whlcli 
is thus rendered purgative, as the consequence of a dose 
of rhubarb or of jalap. 

The milk of women differs from that of cows in th( 
particulars : it conta'ms a much smaller quantity of 
and rather more sugar of milk : its oil is so intimal 
combined with its curd that it does not yield botti 
The quantity of curd increases in proportion to (he ill 
after delivery. Asses milk has a very strong resenbl 
to human milk ■■. 

The rudiments of mamm^ originally exist fn boA 
sexes ; and it is asserted, that there have been instances, 
in which the gland has been developed and has secreted 
milk in the male sex. 




' Thomson's Chemistry, vol. iv. p, 508, 



CHAPTER XVI. 
OF GROWTH. 



■it™' 



I HAVE reserved for the concluding chapter some account 
c^the growth of different parLs, and of the mode, in 
which organized textures, when divided or broken, are 
rejiaired. 

Let me begin by describing the growth of tliose parts, 
which, not vascular in tliem'ielves, ore formed upon and 
adhere to living vascular surfaces. 

The rudiment of each tooth ia a vascular pulp of the 
shape of the body of the future tooth, the sur&ce of 
^hich remote from the gum is continnous with the sub- 
ice of the jaw aud gives entrance to vessels and nerves: 
^e rest of the pulp is unattached : a double membrane 
is reflected from the margin of the adlierent surface, to 
tbrm a cyst or capsule over the sides and upper part of 
the pulp. The outer layer of this membrane is soft, 
thick and vascular ; the inner layer, whi<ji is in contact 
with the pulp, is thin and semitransparent; it shows no 
i^)>earance of vascularity, when the outer layer is most 
'j^ccessfuUy injected. In the cavity surrounding the pulp 
a transparent yellowish liquid is found. 

The growth of the bony portion of die tooth com- 
mences, by the deposition of a layer of perfect bone upon 
the cutting edge or grinding surface of a tooth. This 
little cap of bone is therefore an exact mould of the sur- 
face, by which it was secreted : its adhesion is very slight 
2c2 
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to Uici suiHace of the pulpi witicli shrinks to give i 
for tlie exsudation of a second iajer, that coheres iDsql 
parablj witli that first formed. \Vlien the pulp shrink^ 
it at the same time Ijecomes elongated, but in such a 
manner, that the point where its vessels enter, remains 
fixed, and the crown of the tooth is raised towards the 
margin of the gum- In proportion as the pulp is elon- 
gated, the capsules of bone successively formed one within 
the otlier are of greater length, being cast upon a longer 
cylinder: in this way tlie whole bony portion of the 
tooth is produced, the pulp continually diminkhing in 
thickness, but becoming elongated, till it has reached 
the exact dimension of the future cavity of the tootli. The 
pulp then ceases lo secrete, and wastes to the condition of 
a vascular membrane, on which however die sensibiti^ 
and vitality of the tooth, which it lines, depend. 

The preceding circumstances may be verified by ex- 
aminuig human teeth at different stages of their forma- 
tion, and by sections of tlie teeth of an animal,— a growinc 
pjgfoi; instance, with the food of which madder lias bets 
n^ixed, then discontinued, during alternate periods of tw^ 
or three weeks. The bone of the tooth displays ,alterJ 
nale layers of red and white, and the innermost la^ h! 
the longest. 

During the elongation of the pulp, the capsule un<|ei 
goes no change except in place ; it rises with the crown 
of the tooth, to the neck of which it adheres. The.^ua- 
mel is not formed till some time after llie l^ope> , ar 
invests that surface only of the tooth, which is cotitalnec 
within the capsule. 

Some animals have teeth, the pulp of which ^neyer 
shrinks, but continually adds to ihelengthof the tootl^: 
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ifl case with the incisors of rodentta, and with 
kg of the elephant. The addition continually 
making to the roots of the incisors of rodentia is calcu- 
lated to replace exactly the substance lost by attrition : 
these teeth continually rise in a curve towards each 
other, and are rendered more serviceable by the dispro- 
portionate thickness of enamel upon the convex surface, 
which thus always presents a hard and keen edge, 
■■ After the division of ihu fifth nerve in Che cranial ca- 
vity of a rabbit, I removed the crown of one incisor tooth 
m the upper jaw, and compared the time it took to 
erow to the level of its fellow, with the result of a 
■similar experiment upon a rabbit, in which the nerve 
had not been divided. The tooth grew rather faster in 
the former than in the latter instance. 

The rudiments of the teeth in the embryo are at first 
contained in a shallow groove in either jaw, with thin 
partitions between each : they adhere more strictly to 
the gum than to the base of the socket. In an embryo of 
about the fourth month, twelve little sacs are observed in 
each jaw, being the rudiments of all die temporaiy teeth 
and of the anterior permanent grinders. 

The shallow grooves, in which these pulps are first 
lodged, gradually rise and form alveolar processes; ihey 
arch over the pulps of the teeth, leaving, however, an 
■opening towards the gum. 

The rudiiuents of the earliest formed teeth of the se- 
cond set are at first contained in the same sockets as the 
femporary teeth, but at the period of birth they are 
.^mnd in separate cells behind and without the cells or 
iockets of the corresponding temporary teeth. The cells 
of the second set again are not closed above, but have a 
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luuTow channel leading towards the gum, which con- 
tatos II funiicl-Iike process of the sac, that adheres to tlie 
neck of the corresponding temporary tooth. 

In an embr^-o about the eighth month, the pulps of 
the iiennaiienl Incisors and cuspidati are found. It is 
not till ^cr birth that the rudiments of the remaining 
4dult teeth make tlieir appearance, in what order is not 
precisely known. 

Ttie twenty temporary or milk teeth begin to appear 
on an average uliout the sixth month. They generally 
cut tlie glim in ihc following succession : the middle ia- 
cljorsof the lower jaw, die middle incisors ofthe upper, 
the lateral incisors of the lower jaw, the lateral incisors 
of the upper, — at intervals of three, four, or five weekfatj 
about the twelfth or fourteenth month, the anterior i 
small grinders ofthe under jaw appear, and frequendi 
about the same lime those of the upper : about 
sixteenth or twentieth month, the cuspidati appear, fioi 
in tiie lower jaw ; and between the twentictli and tliinil 
ticth month, tlie posterior or large grinders appear 1 
the same order. 

Before the teetli appear, the gums have a rallied Brro 
edge. To make way for the teeth, the upper vaulted part 
of the alveolar processes and the gums are absorbed. 
During this process indisposition frequently supervenes, 
which may be allayed by cutting down to the tooth at 
the part* where the gum appears sliglitty swollen 1 the 
division should be made anterior to the middle of the 
gum : if the incision were mode upon the back part of 
tlie gum, it might open the socket of a tooth belonging 
to the second set, and spoil it. 

The thirty-two permanent teeth begin to appear bo- 
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tweea the sixtli aiid seventh year :— at this lime the term of 
life of tlie millc tcelh has expired; the gums and alveoli no 
longer adhere to them ; they become loosened, nnd on 
dropping out, some degree of absorption is generally 
found to have taken place near the end of the fang. The 
shedding of the milk teeth does not essentially depend 
upon the forwardness of the second set: frequently the 
milk teeth fall out some time before the permanent teeth 
appear ; or the permanent teeth rise, while tlie milk teeth 
continue iirmly attached, and require extraction to give 
plnce to the second set. 

The permanent teeth appear in the following order : 
first, the middle incisors of the lower jaw; soon after, the 
Riiddleincisors of the upper; tlien the outer incisors of the 
,Jower jaw, and at the same time the pei'manent anterior 
..grinders: then the lateral incisoi-s of the upper jaw, after 
some interval. The anterior bicuspides apiwar about 
tlie ninth year, the posterior about the tenth or eleventh: 
the cuspidati. and middle grinders about the twelfth 
or fourteenth, and finally the last grinders between the 
ages of sixteen and twenty-five. 

Teeth, though not vascular, have some kind of life. 
-,A tooth taken from the head of a living person and im- 
I Qiediately fixed in a living part, in the comb of a cock 
J, for instance, or in a socket from which another tooth 
1^ has been drawn, adheres to the raw surface with which 
i placed in contact, and becomes permanently at- 
L^.tached to it. If the same experiment be tried with a 
.tooth that has been some time removed from the Hving 
. socket, it fails ; tlie tooth is dead, and contracts no ad- 
[ hesion with a living surface. 

The alveolar processes are formed with the teeth : in 
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propprtion as the tcetli of the infant make their appflar- 
■nce, the branch of the lower jaw iengihens to give tbem 
room. When in old age, tlie second set ofte^tli drop oul^ 
the fliveolar processes are absorbed ; but the sntne active 
care is not then .ihown as during infimcy in accomroc^ 
dating the neighbouring pftrts to this alteration ; no ridge 
of thicker membrane forms upon the edge of the gum to 
take the place and office of teeth : and no adequate 
shortening occurs in tlie branches of the jaw, to aU< 
die gums to meet in exact apposition, and to pren 
the characteristic projection of the chin. 

The unorganized integuments, the hair, the nails, the 
e|]idcrmls, are formed of the same chemical elements, 
which in animals assume the apjiearance of hoofs, horns, 
claws, mid leathers ; the element, of which they consist, 
exsudes in a soft state upon vascular surfaces, and qnickLy, 
liardens by exposure. Of these substances hair aodfe 
tbers grow upon piitps situated below the skin, thfi 
are secretetl from the cutis. 

The cuticle in human beings appears an uniform elas- 
tic membrane, the thickness of which i;j increased iiipro- 
[xirtion to the pressure made upon iL No definite struc- 
ture seems fairly distinguishable in it : if on the one hand 
when forming warts, and on someother occasions, it splits 
into fibres vertical to the surface, in other instancy 
cuticle descjuamates in layers parallel to the surface^ 
its texture seems laminated. 

On examining parts in animals, with which the cu-nj 
tide is continuous, horns for instance, and hoofs, two 
types of structure are apparent. Horn distinctly con- 
sists of fibres, ofwhich the greater part areinclined at an 
acute angle to the surface, on which lliev- grow ; lhe,fibj-es 
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of the tip alone are vertical or nearly so. This struc- 
ture is apparent on making sections of variegated horns, 
and upon peeling horns, that have been softened by mace- 
ration in diluted liquor ammonise, into strips. Hoof on the 
other hand has a porous tubular structure. The surface 
from which it is formed gives off innumerable long and 
slender villi, that descend in a vertical direction through 
the hoof towards its under surface, which they nearly 
reach. The delicate tubes, which render the substance 
of hoof porous, are the spaces occupied by these villi. 

It may be remarked that hoof is a part sustaining a 
tolerably constant and equable pressure : horn on the 
other hand is only occasionally employed, and that in 
violent efforts. Now there are various instances in ani- 
mals, in which the cuticle naturally has a thickness of se- 
veral lines, and shows a definite structure. In some cf 
these instances again, the pressure, which the cuticle sus- 
tains, is constant, in others occasional only : — it is singu- 
larly burious that in the former case cuticle is found to 
resemble hoof in structure, in the latter, horn. The cu- 
ticle of the whale is porous, and to the minutest points 
resembles the soft inferior and internal part of a horse s ' 
hoof. The cuticle of the ostrich's gizzard on the con- 
trary is distinctly fibrous, even more so than the horn m 
the rhinoceros. 

In tlie epidermis of the ostrich's gizzard the fibres are 
vertical to the surface ; in a cow's horn, the fibres at the 
tip are vertical, at the eides oblique : — in each instance 
one principle is held in view ; the fibres are so disposed 

i to be vertical to the pressure or attrition, to which 

ley are likely to be exposed- 
The structure of nail appears to be fibrous. The - 
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8 grow Iront a cutaneous 
plialungM, which is less vaM^utar than the adjacent skin: 
ilie u]i]ter part of this surtace is seen distiocllj ddined 
through the semitnuispnrent noU : the rest ts faidtlcn 
by a foUl of skiii) which secretes a layer of dense cuticle 
that adheres to ai]d mes with the oaiL 

Kach hairgrowsnponupymmidal pulp placed beneath 
tliaskin; il^ central |ian is of less density than its crust: it 
isuncertaiu how far the pulp extends into thiscentral part 
ofahair. In the diKeaKe termed plica polonicn, thepulp 
evi<lenUy extends considerably beyond the level of theskiu, 
so tliatthehair bleeds if divided: and it is difficult to ex- 
plain the authenticated cases of sudden change of colour 
in hair, unless we suppose some mode of ot^anlzation to 
be prolonged into its substance. If the whiskers ofa cM 
be cut short, leaving only a diird of an iuch uf oodi, tlMj 
do not grow again, but are shed and replaced by Othei 

In a cat whicli lived nftcr the division of the fifth Dei 
in the cranial cavity, the whiskers of the mutilated 
became thin \\.nd crooked. Considerable ln«.nchea 
the fifth nerve are distributed to the whiskers of 
mala : in the seal oach kair of tlie whisker receiver .s 
branch as large as a digital nerve in man. 

Tlie groH'th of bone is better understood than that of 
the soft and more vascular textures of the body. The 
tnost striking ieatnre in this prooe^ is tlie gradual suc- 
cession of changes, which precede its completion. 

I a the embiyo two su bstan ces are met with occupying iha 
placeofbono; in the room of die upper and lateral partsflH 
the cranium a membranous sac is found ; in other parts 
therearecai'tllagesmodelledin the Ibrm of thefulure bones. 

Between die sixth and etghdi week, on either side of 
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the forehead of the embryo, the membranous sac, which 
occupies the place of the liitiire cranium, cootains a cle> 
poait of bone; and a thin netKork of the finest bony fibres 
may be drawn from between the two layers, into which 
it is separated. 

About the same time bone ia formed in tlie clavicles, 
iia the ribs, in the vertebree, in the sphenoid and occipital 
'bones, in the jaw bones, in the scapula, and in the shaAs 
of the long hones. In each of these instances, the type, in 
which bone is originallydeirositeii, appears the some: but 
as bone grows, the structure which it seems to assume has 
'reference to the form, which the bone is destined even- 
/tually to bear. Tlius the flat bones in their subsequent 
growth appear composed of fibres radiating from a cen- 
tre; the long bones, of successive rings produced by an 
elongation of parallel and longitudinal fibres. 

At the time of birtli, the bones of the cranium though 
Ihm nearly meet, a certain extent of membrane being 
interposed -■ the vertebriK are three bones joined by por- 
tions of cartilage : the. separate parts of die tarsus and 
carpus, aud the patella, are cartilages ; and imder the 
name of epiphyses the margins of the flat bones of 
the shoulder and pelvis, the heads of the ribs, and both 
'extremities of the long bones, are portions of the same 
■'substance, the connexion of which to the bony part is 
extremely slight ; but the central ossification continually 
encroaches upon the cartilaginous extremities ; and in 
most of the epiphyses separate points of ossification com- 
mcDce, which proceed to meet the extension of tlie shafi. 
Inthisslowsuccession of changes, we traceansccommo- 
datioo of the Irame to the different circumstances niider 
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which it is placed ; the soft and tender flesh of an iBftin 
would b« injured by pressure against solid bone. The 
bones of the head, if already joineil sutnrallyj would not 
jielil at the time of labour. The frame is light and 
capable of violent eflbrts ; (he organs whi^ support 
are pltsnt, elastic, and yielding. 

It is not till past the age of twenty that the bones are 
perfected ; at thnt age, the epiphyses though complete 
have not entirely coalesced with the sliaft or cetttral os- 
sification of the bone ; and s narrow furrow observable 
upon the surface of a macerated bone, shows wliere allii^ 
layer of cartilage had stiil partially intervened. ' ■' ' 

No texture better developes the commtm IS*' 
growth than bone : — exercise it, atid it enlarge; ' rfl* 
a powerful muscle is attached, the surface of a booepro^ 
jects in a ridge or tubercle : if it fall into disuse^ bone 
shrinks, and loses its weight and volume. 

When a tooth is broken across, or a Iiair divided, tht 
part detached has no means of reunion with the rest. 
But when a bone is broken, when a sinew, a nerve, a 
musde; is divided, the disjoined stirfaces sp6nttmeoDtt1;ff 
re-unite, 

When the sltin is divided by a clean incision, the bloodj 
which for a short time flows abundantly, after a minute 6*^ 
two scarcely oozes, and finally ceases. If what rests updrt' 
the sur&ce be gently washed away, a narrow Tied line 
shows the edge of a thin clot of blood, by the odhe^ve 
(juaUly of which the divided surfaces are held in appcSsi- 
tion ; but the adliesion at first is slight, and the wound" 
may easily be drawn open. If the incision be snperfii' 
cial and of no great exIeiTt, in twenty-four liours coi 
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plete union ^penrs to have takeu pkce : and when In b 
dajr or two afterwards the red edge of the clot peels oif, 
cuticle Is found below it ; but tlie linear surface remains 
of a darker hue for several days. 

When a small portion of the body is entirely sepn- 
rated^asforinstancCjthe tip of the ear, the half of a finger, 
if it be immediately re~appliet1, mechanical adliesiou takes 
place in a similar way, and the part lives. 

When large cut surfaces are brought in contact, as 
ailer the removal of a breast, or the amputation of a limb, 
it appears that in general union is at first mechanically 
effected by the coagulated blood ; but in most cases the 
inilammabon, which follows, produces a tumdaction and 
a flow of various secretions, which prevent the first unioii 
holding more than partially. After a few days, the surface 
of the wound appears covered with a soft layer of vascular 
flesh, called granulations, from which pus is secreted; and 
which rising fill the cavity of the wound, and are convert- 
ed into the nature of the substances, which they uiiiil& 

Pus is a viscid straw-coloured fluid, of the spedflc 

gravity of 1050, it coagulates when raitjcd to the tem]>e- 

rature of 112°, or when mixed with muriate of ammo- 

: its colour depends upon a number of globules, sen- 

I qb'y larger tliau the globules of the blood: it appears 

a the researches of Sir £. Home, that tliese globules 

L fffe. formed by chemical attmction in it fluid, which is 

I limpid and colourless when firt,t secreted. 

,, When a considerable portion of skin is removed, the 
I qeUular membrane inflames below the blood whicJi stit 
r fens on the raw surface, and secretes pus, and Ibi uis a 
I. crop of granulations ; tliese gradually rise to the level of 
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Hnd higher than the surroitDdii^ akin; the secredog fiI]^• 
iitcc appears toctiminish daily, and becovaes, in patcbea, 
or «t its ed^s converted into a tender whitish substsnoe, 
which diickeiiing becomes opake and foms a cicatrix t 
oa the day that a portion of a cicatrix is completed, it is 
inieuidLde; about a fortnight atierwards it feels, if pricked 
with a needle. 

Thus in the ibrmation of a cicatrix after de^tructiao 
oftlie skin, the new material is produced not by the neigh- 
bouring cutis, but by a growth from the subcutaneous 
texture. 

When IcndnnE, or nerves, cartilages, or bones, aredi- 
vided or broken across, the procc&s of their re-union does 
not resemble the adhesion of divided skin, but lias more 
in common with the growth of a cicatrix. The di^oined 
surfaces do not cohere immediately, but throtigli the in- 
terrention of a third substance, which appears produced, 
from the neighbouring cellular texture. 

If the tendo Achillis be examined in a dug forty-eight 
hours after (livi<iion, upon removing the skin, the sut^a- 
cent cellular membrane, that surrounds the tendoi^ opr; 
pears loaded with coagulable lymph, and extravasated 
blood. Upon making a longitudinal section of tlie t:hiclt>. 
ened substance, the cut ends of tlte tendon Gontainedj 
within it are found to be about an inch apsct, 
connected together by means of coagulated Uioud] 
swollen cellular texture. 

If the tendo Achillis be examined seven days aAer di- 
vision, the ends of the divideil tendon are found united 
by an intervening substance of greater thickness than 
the tendon itself, tliat is readily separable fi'om the skin 
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and subjacent parts. Upon a longitudinal section being 
made, the intervening substance appears of a dark red 
colour, fiiTTi, and to a certain degree elastic : it coheres, 
in some parts firmly, in others slightly, with the cut ends 
of tlie tendon, but strongly and inseparably with the 
cellular sheath of the tendon, which is discoloured for 
some distance : go that either end of tlie tendon admits 
without much force of being displaced from a socket in 
the intervening substance. 

At seventeen days after division, the intervening sub- 
stance is found diminished in thickness, firmer, paler, 
and inscparablycoherentwith the cut ends of the tendon, 
the nature of which it gradually assumes. 

When a nerve is divided, the process, by which its 
ends are joined, exactly resembles the mode in which 
tendons imite. Without detailing the appearances on 
dissection at an earlier period, let me describe the state 
of the part, at the time when the return of its function 
first mnnilests itself- 

The infraorbital nerve was divided on one side upon 
tiie cheek of a cat, and a portion about a line in length 
removed from it. The skin of the upper lip imme- 
diately lost sensation. The wound, however, readily 
cicatrized ; and by the twentieth day sensation appeared 
entirely restored. Upon examining the part at tliis pe- 
riod, the nervous fibrils appeared to be united by a thick 
layer of tough gray semi transparent substance. On 
making a longitudinal section of this substance and of 
&e nervous fibrils which entered it, the extremiues of 
the divided filaments appeared nearly two lines asun- 
der, and firmly coherent with the intervening substance: 
here and there a whitish fibril seemed to extend further 
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into the ennnecting nieilluni, but no TcstorsUcn nil a 
timiity bclwecn the nervous fibrils was obseni-iUde. 

Wbeo the portio dum is divided on t)ie cbeek, \ 
onitea in a similar manner ; but the nerve dues not lieij 
under four weeks to resume llie office of triinsinitt{il| 
tlic influence of the will. About this lime, howcvta-, I 
eyelids, which hitherto have been inolioiilcss, are obsc 
to ho slowlj- and imperfectly drawn towards each otbd 
whenever the surface of the conjunctiva i§ tooclied. 

If the eartilage of a rib be exiunined in n dog fi 
eight hours atler division, the cut surfaces of the curt 
are not found to have undergone any change: ihey a 
held together \ry a loose capsule foimed by the ] 
roimding parts. Towards tlie seventh day, this cag 
has assDRied a dense elastic texture, and distinctly \vi> 
eludes the adjacent cellular niembiDiie and imuculd 
snbstanoe. The eilges of tlie cartilage appear rounded 
aS, and a slight exsudation of I vniph seen 
between tlie disjoined surbces. Onlhe .leventeentll did 
the nppcanince is much the same ; the inierrenhig soH 
stance, which has acquired con.ststeDce, is ContinuAi 
with, and appears derived from the capsule^ Abuttt tl 
twttity-eightfa day, the intervening layer of lyrtph i 
found adhering to and loosely miitinp the oj^msite cii 
laginouB surfaces. 

The changes, which attend the re-onion of a bro 
bone are even more elaborate than those, which i 
in the preceding instances. The most valuable obn 
vations, which have been pnbhshed ujwn this subject^'i 
by M. Dupuytren. 

If a fractured limb be examined within forty-eid 
hours after tlie injury, the periosteum is Ibund to haifl 
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stTi}iped irregularly fioin the broken emls of the 

; the csncelii of the bone and the neighbouring 

lift parts seem in a state of ecchymosis ; the quantity 

I blood, however, cfiused from the ruptured vessels is 

Lifittieralij' inconsiderable. 

T '^ About tJie fourth day a change is found to l»ave su- 

rvened ; the parts adjacent to the broken ends of the 

B become condensed and indurated, and form a 

a capsule which contains the broken extiemities. The 

ickenuig includes every neighbouring texture: the 

Uscles, tendons, and cellular membrane, fiir tlie extent 

WlfpO few lines seem condensed into one tough elastic mass. 

During the next fortnight this capsule bec<H:ies of 

[pealer firiHne»5, assuining the character of, cartilage j 

fst the same time lymph is fiequently found to have ex- 

^i^ded sround the broken ends of the bone. 

After tie ibiiii week the muscles and tendons gra- 
Ipally become again distinct, or disengaged from tltethick- 
capsule, in which ossification soon commences : «o 
Ut at the expiration of four or five or six weeks, the 
roken ends of the bone are fixed in some sort of apposi- 
(on by aa osseous case extending from the one to tlte 
^er, having its adhesion at some little distance beyond 
e fractured edge. The only union between the cxlre- 
Hities of the bones, that hitherto has taken place, is by 
it substance, which comprehends the organized dot of 
tood, the lyinph effused, and pi-oduclions from the cap- 

whicb have grown together and coalesced. 
~ During the interval between the sixth week and the 
sixth month, the process of ossification extends 
lOm the capsule, to the soil substance which directly 
s the broken sQrfoces. At the same time the cap- 



mte filiriuks in proportion as tbe direct union renders iff 
unoeaesHir}'. AAer a few months more, the capsule hu 
ilaappear&i, llie bone has shrunk to ttie natural size, nD| 
even ita cavity is gradually restored. 
' -, Thus it ap{>ears established upon a veiy estensiveJi 
dtfCtloD, that union of iiiFetital parts greatly depend 
upon cbitnges, which lake place in tlie adjacent textures. I 
This conclusion derives support fi'oni, at the same tinw 
tint il Berycj to explaiu, Uie ciu'ious circumstance, t&n 
fracture^ of AH isolated bone never unite by bone. IbI 
Sir Astley Cooper's capital work upon Dislocations uw I 
fact is proyed by relerence to a v^t bixly of evidence^ J 
that when tlie neck of the femur is broken within ihe ] 
capsular. mouibraue^ bony union does not follow. 
.., Of several jikstauc«s, whicli I have myself had a 
portunity of examining, let me select the followiti^ t 
iUusti'ate,lhis anomaly. ■ A woman about the age of ^ 
fell H"itli great violence upon the left hip. Hie limb « 
not sboitened, but was rendered useless : pain and s(f*elL- 1 
j^ .foUojuTf^l,;, She was confined to her bed for fiv8 I 
)p)l9^tbs ; I alter which she gradually regained strepj^tb ia I 
_^q injured bjp, and became enabled to widk with tifej 
asiiiaisnceof.a stick. Thirteen months after theaccidenj 
shediedsuddenly of apoplexy. Upon examination, V ^ 
~ 0^ck of tiie femur was found to have been broken witJiin 
^ttie cap&ulsi- membrane; union had taken place by J 
.j^er of soft but tough substance three lines in thi^ia 
j^i^^ in which however not the least trace of t 
ytt^r was discovered. Tbe specimen is in tlie Museuj 
|,Greut Windmill Street, and was given to n 
T/fricful Mr. Sweatman: there is an engraving from it 1 
,i»r Astley Cooper's work on Disloeutious. In a fi'actui 
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of tills description k is obvious that the liroken entls'W 
fjone remain inclosed in a synovial cyst, exduded frrtiil 
the contact of those parts, the changes in which dc^cim^ 
plish union in other cases. 

Wh'en the neck of the femur is brokebj and the frac- 
ture is half within and half without the citpfiular niettit 
brane, the former part unites by ligament, the tattef W 
boiie. " ' "' ' 

, When the fracture is entirely witlnn the capstini: 
membrane, and ligamentous union ensues, some groWm 
of boiie is occasionally found to have occurred on tfie 
outside of ttie capsular membrane, — tlie commencement 
of the same process, which has been already described 
in the ordinary reparation of bone, but which in this cBafe 
is preventetl extending to the substance tliat iiiterv'Aies 
between the broken surfaces, '■"^■ 

Let nie conclude with mentioning an instance of defi- 
cient union after partial division of a nerve, whicTi Seftttls 
to be singularly parallel to the case last considered; '*'" 

An attempt was made to divide the fifth nerve at iSfe 
' B(de of the pons Varolii in a young cat. The ahilrtMl 
immediately lost the sense of feeling in the' pnrtlj sUp- 
plied by the first and second divisions of the fifth, HiH 
the cornea became partially opake : but the iris mofiidi 
and the animal saw distinctly with the eye, which had Itftt 
the sense 'of touch. During eighteen months no further 
cjiange ensued ; not the slightest iretum of common sen- 
%atioii was observable lu the eye, the nostril, or cheek of 
I the mutilated aide. At this period the animal was kill- 
I ^ed. Upon examination, the fblibwing appearances pre- 
sented themselves. The fifth nerve had not been tntirety 
.divided ; which nccOimt^d for the ContihtimiCf^ Ol' senna- 
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tion that had been observed in die ports supplied by the 
third division of (h^ cerv4. ,;M9>4 loteuuned undivided 
erf* the fibrils of the fifth held the severed portions at the 
distance of a line asundef^* they were united by a thin 
%i^ wfa]ch,sec»ned/hthind^ pfUpo^vi^i^ ^f^i^^fy 
lost its ooloiiring. matter, and gave way tin -<^li?*t jnyjf" 

^^ . ..... r:.r.^,.\r m: 

Now a nerve when traversing the cavity; ^tHf^ V9^ 

xxoid membtane is in a position analogous ^ t^^^^^ 

neck of the diigh bone : it is iu>t jya any 8Qf;t,<j^,^oiitact 

with the cellular texture; and jpi rest^ogo^tja^ "Sfl^e^^" 

vidpd is equaUy imperfect. . ^ ,;..:. .*,,..v, 

Yet in such a case every othor^ c^aa^l^if^^f^pinff^ 

to reparation is present: the divide^ ^fXjAcf^jff^Jff^^ 

in apposition, the su{^ly of blood 19 nf)^iptei;;)^tif^^q[yl 

the parte are kept perfecdy at rest .,,, ,.., .,,j, {^.j^ ,3^^ 
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■■'fNfiage' &i"i!'IikVi"iiJeQtioned the discrepancy which 
exists between the obsevvations of Mr. Brodie and of 
M. Magendie respecting the influence of the bile in di- 
gestion. The following experiments, whicli I havesub- 
^*fei|uently made, agree in their result with Mr. Brodie's. 
^^ " The ductus communis choledochus was tied in three 
"'cats, each about four months old, which had fasted for 
twenty-four hours previously. They each took food 
after the operation, which they threw up ; but they after- 
wards again took food, consbting of milk and raw or 
' boiled meat, and continued to cat occasionally with a 
iiatural appetite. 

" One of these animals was killed between dre and 
six hours after the duct had been tied. The stamacli 
contained a full meal of meat, consisting in part of 
morsels, which were softened by the action of the gas- 
tric juice, but had undergone no further alteration ; in 
part of a pulpy mass of a reddish grey colour, in part of 
a brownish-grey viscid liquid, in which innumerable 
small globules of oil floated. The small intestines were 
perfectly empty. 

" The second died within fifty hours after the experi- 
ment. The stomach contained a small quantity of half- 
digested food i the small intestines contained scarcely a 
trace of a greyish semifluid substance, which here and 
_ there admitted of being scraped from the villous surface. 
The third was killed three days after the operation. 
: stomach contained hiiU'-digesled food; the small 
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intestines contained b quantity of n greyish viscid liquid, 
very like the liquid contents of the stomach. The great 
intestines, in this and the preceding instance, were dis- 
tended with a greyish, tenacious, and highly ofTensive 
Minifluid matter. . 

" An adult dog, in which the duct had been tied, was 
fiitnlddcnd on th(^ second nioming^ of the eitjiEnmnit 
The mucous membrane of the stomadi and bdw^^irai 
inflamed ; the stomach contained water only; the smalt 
intestines held a quantity of yellowish ropy liquid. 

" Finally, the duct was tied in two yotil^'a6gH'»*l*ch ■ 
had fasted for twenty-four hours ; one died, the second ■ 
was killed, about forty-eight hours after the operation.-^ 
Both had «nten botUd flesh, and had tak^iBilld 'In 
the first thestraoocfi contained haJF-digested'^oodfand 
the small intestines contauied a quantity of grey liquid, 
separate from a viscid rupy 'material that adhered to the 
villous surface. J^ the second the stomach contained a 
firothy mucus only; hut the small intestine was mode- 
rately Jistendisd with a quantity of yellowish liqiiitf. ,' J 

"The animals which were killed were immediately fl 
examined : thbse which died were examined from four ' 
to five hours afterwards. In each case the duct was 
found to have been accurately secured; the gall-bladder 
and gall-ducts were distended with bile: there vat hqJ 
Irace ichatever of chyle in the lacteal vessels*." 

' Medical and Physical Jmirnnl for October li 
THE END. 
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